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Hie present invention provides mutated proteins of steroid 
homione reenters. These mutated proteins are useful as gene 
medicines. In particular, these mutated proteins are useful for 
regulating expression of genes In gene therapy. In addition, the 
present invention provides plasmids encoding for the desired mutated 
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those plasmids. 
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DESCRIPTION 

Modified Steroid Hormones For Gene Theratpv 
And Methods For Their Use 

Background of the Invention 

This invention relates to gene therapy whereby modi- 
fied steroid receptors regulate the expression of genes 
within tissue. 

5 Intracellular receptors are a superfamily of related 

proteins that mediate the nuclear effects of steroid 
hormones, thyroid hormone and vitamins A and D (Evans, 
Science 240:889-895 (1988)). The cellular presence of a 
specific intracellular receptor defines that cell as a 

10 target for the cognate hormone. The mechanisms of action 
of the intracellular receptors are related in that they 
remain latent in the cytoplasm or nuclei of target cells 
until exposed to a specific ligand (Beato, Cell 56:335-344 
(1989); O'Malley, et al . , Biol. Reprod, 46:163-167 

15 (1992)). Interaction with hormone then induces a cascade 
of molecular events that ultimately lead to the specific 
association of the activated receptor with other proteins 
or regulatory elements of target genes. The resulting 
positive or negative effects on regulation of gene tran- 

20 script ion are determined by the cell -type and promoter- 
context of the target gene. 

In the case of steroid hormones and steroid receptors, 
such complexes are responsible for the regulation of 
complex cellular events, including activation or repres- 

25 sion of gene transcription. For example, the ovarian 
hormones, estrogen and progesterone, are responsible, in 
part, for the regulation of the complex cellular events 
associated with differentiation, growth and functioning of 
female reproductive tissues. Likewise, testosterone is 

3 0 responsible for the regulation of complex cellular events 
associated with differentiation growth and function of 
male reproductive tissues. 
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In addition, these hormones play important roles in 
development and progression of malignancies of the repro- 
ductive endocrine system. The reproductive steroids 
estrogen, testosterone, and progesterone are implicated in 
5 a variety of hormone -dependent cancers of the breast 
(Sunderland, et al . , J. Clin, Oncol. 9:1283-1297 (1991)), 
ovary (Rao, et al . , Endocr, Rev, 12:14-26 (1991)), endome- 
trium (Dreicer, et al.. Cancer Investigation 10:27-41, 
(1992) ) , and possibly prostate (Daneshgari, et al. , Cancer 
10 71:1089-1097 (1993)). In addition, the onset of post- 
menopausal osteoporosis is related to a decrease in 
production of estrogen (Barzel, Am. J. Med, 85:847-850 
(1988) ) . 

In addition, corticosteroids are potent and well- 

15 documented mediators of inflammation and immunity. They 
exert profound effects on the production and release of 
numerous humoral factors and the distribution and prolif- 
eration of various cellular components associated with the 
immune and inflammatory responses. For example, steroids 

2 0 are able to inhibit the production and release of cyto- 
kines (IL-1, IL-2, IL-3, IL-6, IL-8, TNF-Qf, IFN-y) , 
chemical mediators (eicosinoids , histamine) , and enzymes 
(MMPs) into tissues, and directly prohibit the activation 
of macrophages and endothelial cells. Due to the global 

25 down -regulation of these physiological events, cortico- 
steroids have a net effect of suppressing the inflammatory 
response and have therefore been used extensively to treat 
a variety of immunological . and inflammatory disorders 
(rheumatoid arthritis, psoriasis, asthma, allergic rhini- 

30 tis, etc . ) . 

Besides the therapeutic benefits, however, there are 
some severe toxic side effects associated with steroid 
therapy. These include peptic ulcers, muscle atrophy, 
hypertension, osteoporosis, headaches, etc. Such side 

35 effects have hindered the utilization of steroids as 
therapeutic agents. 
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In general, the biological activity of steroid hor- 
mones is mediated directly by a hormone and tissue-specif- 
ic intracellular receptor. Ligands are distributed 
through the body by the hemo- lymphatic system. The 
5 hormone freely diffuses across all membranes but manifests 
its biological activity only in those cells containing the 
tissue-specific intracellular receptor. 

In the absence of ligand, the inactive steroid hormone 
receptors such as the glucocorticoid ("GR"), mineral 

10 corticoid ("MR"), androgen ("AR") progesterone ("PR") and 
estrogen ("ER") receptors are sequestered in a large 
complex consisting of the receptor, heat -shock proteins 
("hsp") 90, hsp70 and hsp56 and other proteins as well. 
Smith, et al . , Mol . Endo. 7:4-11 (1993). The cellular 

15 localization of the physiologically inactive form of the 
oligomeric complex has been shovm to be either cytoplasmic 
or nuclear. Picard, et al . , Cell Regul , 1:291-299 (1992); 
Simmons, et al . , J. Biol. Chem. 265:20123-20130 (1990). 
Upon binding its agonist or antagonist ligand, the 

2 0 receptor changes conformation and dissociates from the 
inhibitory heteroligomeric complex. Allan, et al . , J". 
Biol. Chem. 267:19513-19520 (1992); Allan, et al . , 
P.N.A.S. 89:11750-11754 (1992). In the case of GR and 
other related systems such as AR, MR, and PR, hormone 

2 5 binding elicits a dissociation of heat shock and other 

proteins and the release of a monomeric receptor from the 
complex. O'Malley, et al . , Biol. Reprod. 46:163-167 
(1992) . Studies from genetic analysis and in vitro 
protease digestion experiments show that conformational 

3 0 changes in receptor structure induced by agonists are 

similar but distinct from those induced by antagonists. 
Allan, et al . , J". Biol . Chem. 267:19513-19520 (1992); 
Allan, et al . , P.N.A.S. 89:11750-11754 (1992); Vegeto, et 
al.. Cell 69:703-713 (1992). However, both conformations 
35 are incompatible with hsp-binding. 

Following the conformation changes in receptor 
structure, the receptors are capable of interacting with 
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DNA. Studies suggest that the DNA binding form of the 
receptor is a dimer. In the case of GR homodimers , Tsai, 
et al.. Cell 55:361-369 (1988), this allows the receptor 
to bind to specific DNA sites in the regulatory region of 
5 target gene promoters. Beato, Cell 56:335-344 (1989). 
These short nucleotide sketches are arranged as 
palindromic, inverted or repeated repeats. Id. 
Specificity is determined by the sequence and the spacing 
of the repeated sequences. Umesono, et al . , Cell 57:1139- 

10 1146. Following binding of the receptor to DNA, the 
hormone is responsible for mediating a second function 
that allows the receptor to interact specifically with the 
transcription apparatus. Such interaction could either 
provide positive or negative regulation of gene 

15 expression, I.e., steroid receptors are ligand- binding 
transcription factors, capable of not only activating but 
also repressing the expression of specific genes. Studies 
have shown, however, that repression does not require DNA 
binding , 

20 For instance, when bound to their intracellular 

receptors, corticosteroids can affect the transcription of 
a variety of genes whose products play key roles in the 
establishment and progression of an inflamed situation. 
Such genes include those encoding for cytokines, chemical 

25 mediators and enzymes. Transcription of these genes can 
be repressed or activated depending on the transcription 
factors and/or regulatory sequences controlling the 
expression of the gene . Presently there are numerous 
reports documenting the effect of glucocorticoid on the 

30 expression of various genes at the transcriptional level. 

In particular, the glucocorticoid receptor is a member 
of a family of ligand- dependent transcription factors 
capable of both positive and negative regulation of gene 
expression (Beato, FASEB J. 5:2044-2051 (1991); Pfahl, 

35 Endocr. Rev. 14:651-658, (1993); Schule, et al . , Trends 
Genet. 7:377-381 (1991)). In its inactivated form, the GR 
is part of a large heteromeric complex which includes 
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hsp90 as well as other proteins (Denis, et al . , J, Biol. 
Chem. 262:11803-11806 (1987); Howard, et al . , J. Biol. 
Chem. 263:3474-3481 (1988); Mendel, et al . , J- Biol. Chem. 
261:3758-3763 (1986); Rexin, et al . , J. Biol . Chem. 
5 267:9619-9621 (1992); Sanchez, et al , , J. Biol. Chem. 
260:12398-12401 (1985)), and hsp56 (Lebea, et al . , J. 
Biol. Chem. 267:4281-4284 (1992); Pratt, J. Steroid 
Biochem. Mol . Biol. 46:269-279 (1993); Rexin, J, Biol. 
Chem. 267:9619-9621 (1992); Sanchez, J. Biol. Chem. 

10 265 :22067-22070 (1990) ; Yem, J. Biol. Chem. 267:2868-2871, 
(1992)). Binding of agonist stimulates receptor 

activation, dissociation from hsp90 and the other proteins 
(Denis, et al . , Nature 333:686-688 (1988); Sanchez, et 
al., J. Biol. Chem. 262:6986-6991.(1987)), and nuclear 

15 translocation, prerecjuisites for both transact ivat ion and 
transrepression . 

Cloning of several members of the steroid receptor 
superfamily has facilitLited the reconstitution of hormone- 
dependent transcription in heterologous cell systems and 

20 facilitated delineation of the ^ GR activation and 
repression mechanisms. Subsequently, in vivo and in vitro 
studies with mutant and chimeric receptors have 
demonstrated that steroid hormone receptors are modular 
proteins organized into structurally and functionally 

25 defined domains. Deletion mutants of the GR have 
determined that the transactivation domain is located at 
the N-terminal amino acid sequence positioned between 
amino acids 272 and 400. Jonat, et al . , Cell 62:1189-1204 
(1990) . A well defined 66 amino acid DNA binding domain 

30 ("DBD") has been identified and studied in detail, using 
both genetic and biochemical approaches. Lucibello, et 
al., EMBO J. 9:2827-2834 (1990). The ligand or hormone 
binding domain ("LBD"), located in the carboxyl- terminal 
portion of the receptor, consists of about .300 amino 

35 acids- Kerppola, et al., Afol . Ceil. Biol. 13:3782-3791 
(1993) . The IiBD has not been amenable to detailed site- 
directed mutagenesis, since this domain appears to fold 
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into a complex tertiary structure, creating a specific 
hydrophobic pocket which surrounds the effector ligand 
when bound. This feature creates difficulty in 

distinguishing among amino acid residues that affect the 
5 overall structure of the LBD domain from those involved in 
a direct contact with the ligand. The LBD also contains 
sequences responsible for receptor dimerization, nuclear 
localization, hsp interactions and transactivation 
sequences of the receptor. Fuller, et al, FASEB J, 

10 5:3092-3099 (1991) . 

The mechanism of gene activation is far better 
understood than that of repression. For transactivation, 
a ligand- induced conformational change, comparable to that 
inferred to be necessary for activation of the 

15 progesterone (Allan, et al., Proc. Natl. Acad. Sci . USA 
89:11750-11754 (1992)) and estrogen (Beekman, et al., Mol. 
Endocrinol. 7:1266-1274 (1993)) receptors, is required for 
efficient activation of the transcription activating 
function of. the receptor (Hollenberg and Evans, Ceil 

20 55:899-906 (1988); Webster, et al . , Cell 54:199-207, 
(1988)). Furthermore, the conformational change is 
required for interaction of the receptor with other 
components of the transcription apparatus. Transactiva- 
tion is mediated by a receptor dimer bound to a 

25 glucocorticoid response element ("GRE"). Such 
transactivation occurs exclusively by homodimerization. 
This is mainly achieved by a region in the second zinc 
finger of the receptor known as the D-loop. Umesono, et 
al.. Cell 57:1139-1146 (1989); Dahlman-Wright , et al., J. 

30 Biol. Chem. 266:3107-3112 (1991). The resulting 

homodimers then bind to the palindromic GRE to initiate 
the transcriptional activation process. Evans, Science 
240:889-895 (1988); Cato, et al . , J. Steroid Biochem. Mol . 
Biol. 43 :63-68 (1992) . 

35 Transrepression, on the other hand, appears to be 

mediated by the monomeric form of the receptor through 
interactions with other transcriptional factors, including 
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AP-1 and NFr-B, preventing them from carrying out their 
function as transcriptional activators. Hoeck, et al . , 
EMBO J. 13:4087-4095 (1994). Studies also show 

transrepression by the dimeric form of the receptor. In 
5 the case of the monomeric pathway, studies suggest that 
AP-1 prevents hormone -dependent activation of GR-regulated 
promoters through a mutually inactive complex formed 
either by a direct protein-protein interaction of the 
receptor and AP-1 or through a third partner. Miner, et 

10 al.. Cell Growth Differ. 2:525-530 (1991); Pfahl, 
Endocrine Rev, 14:651-658 (1993) . Such transrepression of 
AP-1 and NF^-B mediated by the monomeric form of the 
receptor depends on the presence of the DNA binding 
domain. It does not depend on the ability of the receptor 

15 to bind DNA. In the case of the dimeric form of the 
receptor, several studies suggest mechanisms for such GR- 
mediated transrepression include GR binding to a sequence 
overlapping a cis-actinj element for another trans-acting 
factor, thereby displacing it from, or preventing its 

20 binding to, its cognate element (Akerolom, et al.. Science 
241:350-353 (1988); Drouin, et al , , Mol . Cell. Biol. 
9:5305-5314 (1989); Oro, et al . , Cell 55:1109-1114, 
(1988); Stromstedt, et al., Mol. Cell. Biol. 11:3379-3383, 
(1991) ) . 

25 As noted above, GR-mediated transrepression attributed 

to direct or indirect interaction of the GR with other 
trans-acting factors, results in inhibition of their 
activity and/or ability to bind to DNA (Celada, et al . , J". 
Exp. Med. 177:691-698 (1993); Diamond, et al . , Science 

30 249:1266-1272 (1990); Gauthier, et al . , Embo J. 12:5089- 
5096 (1993); Jonat , et al . , Cell 62:1189-1204 (1990); 
Kutoh, et al., Afol . Cell Biol. 12:4955-4969 (1992); 
Lucibello, et al . , Embo J. 9:2827-2834 (1990); Ray, et 
al,, Proc. Natl. Acad. Sci. 91 : 752-756 (1994); Schule, 

35 et al.. Ceil. 62:1217-1226 (1990); Tverberg, et al . , J. 
Biol. Chem. 267:17567-17573 (1992); Yang-Yen, et al . , Cell 
62:1205-1215 (1990); Lucibello, et al . , EMBO J. 9:2827- 
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2834 (1990)). These models require ligand binding to 
stimulate receptor activation, dissociation from hsp90, 
and nuclear translocation. It is not clear whether these 
mechanisms are dependent on the same ligand- induced 
5 conformational change needed for transactivation . 
However, a transactivation-def ective mutant represses the 
AP-l dependent promoter suggesting that the 
transactivation function of the receptor is not required 
for the repression of AP-l activity, Yang-Yen, et al . , 
10 Cell 62:1205-1215 (1990). Furthermore, similar studies 
also suggest that the transactivation function of the 
receptor is not required for the repression of NFr-B 
activity. 

In attempts to decipher the transrepression mechanism, 

15 studies have reviewed the role of the bound ligand in GR- 
mediated repression of AP-l -responsive genes containing a 
tetradecanoyl phorbol acetate ("TPA") response element. 
Repression of these genes has been proposed to be the 
result of the direct interaction of the GR with c-Jun 

20 (Diamond, etal., Science 249 : 1266-1272 (1990); Lucibello, 
et al., EMBO J, 9:2827-2834 (1990); Schule, et al . , Cell 
62:1217-1226 (1990); Touray, et al . , Oncogene 6:1227-1234 
(1991); Yang-Yen, et al.. Cell 62:1205-1215 (1990)) or c- 
Fos (Kerppola, et al., Mol . Cell. Biol. 13:3782-3791 

25 (1992) ) which are components of the AP-l transcription 
complex. The GR DNA-binding domain is necessary for this 
interaction, since most mutations in this domain result in 
the loss of repressor activity in vivo (Diamond, et al . , 
Science 249:1266-1272 (1990); Jonat, et al . , Cell 62:1189- 

30 1204 (1990); Lucibello, et al . , EMBO J. 9:2827-2834 
(1990); Schule, et al . , Cell 62:1217-1226 (1990); Yang- 
Yen, et al.. Cell 62:1205-1215 (1990)). 

The DNA-binding domain is also necessary for 
inhibition of in vitro transcription from the collagenase 

35 . promoter and inhibition of Jun-Fos heterodimer binding to 
the collagenase TPA response element (Mordacq, et al . , 
Genes Dev. 3:760-769 (1989)). However, deletion or 
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truncation of the ligand-binding domain also results in a 
significant loss of repressor activity (Jonat, et al.. 
Cell 62:1189-1204 (1990); Schule, et al . , Cell 62:1217- 
1226 (1990); Yang-Yen, et al . , Cell 62:1205-1215 (1990)), 
5 suggesting that the ligand-binding domain may contribute 
to, or modulate, the inhibition of AP-1 activity. 

Further studies examining the role of the ligand in 
GR-mediated transrepression of the collagenase promoter 
found efficient receptor-mediated transrepression with 

10 ligand- free mutant GR in which the first cysteine residue 
of the proximal zinc finger was replaced with tyrosine. 
Liu, et al., Mol . Cell. Bio. 15:1005-1013 (1995), Such 
studies suggest that neither retention of the ligand nor 
direct binding of the receptor to DNA is required, i.e., 

15 that transrepression of AP-1 activity by GR is ligand 
independent . 

Summarv of the Invention 

Applicants have determined that it is useful to 
construct modified steroid hormone receptors which 

20 regulate the expression of nucleic acid sequences. 
Specifically, these modifications allow control of the 
transactivation and transrepressing functions of the 
modified steroid hormone receptor. Such modifications 
allow the receptors to bind various ligands whose 

25 structures differ dramatically from the naturally- 
occurring ligands. This includes the binding of 
non-natural ligands, anti-hormones and non-native ligands. 

These modifications are generated in the ligand 
binding domain of the GR and eliminate the ability of the 

3 0 GR to bind its natural ligand. These modified steroid 
receptors exhibit normal transactivation and transrepres- 
sion activity; however, stimulation of such activity 
occurs via activation by a non-natural and exogenously or 
endogenously applied ligand. Modifications are also 

35 generated in the ligand binding domain of the PR and 
eliminate the ability of PR to bind its natural ligand. 
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Replacement of the GR binding domain with the modified PR 
binding domain allows the stimulation of GR responsive 
gene expression via non-natural ligands. 

Other modifications to the GR ligand binding domain 
5 in conjunction with modifications to the DNA binding 
domain of GR eliminate the ability of steroid hormones to 
initiate transact i vat ion by its natural ligand. Instead, 
such modifications allow the modified receptor to bind 
non-natural ligands and stimulate the transrepression 

10 regulation of gene expression but not transactivation. 
Likewise, using the same ligand binding domain modifica- 
tion in conjunction with modifications to the 
transregulatory domain allows the modified receptor to 
bind non-natural ligands and stimulate transactivation but 

15 not transrepression of gene expression. 

Other modifications remove the ligand binding domain 
completely to create a constitutively active steroid 
receptor. Such modifications cause continual transactiva- 
tion and transrepression effects on the regulation of gene 

20 transcription. In addition, modifications that selective- 
ly eliminate either transactivation or transrepression 
functions are incorporated into the constitutively active 
steroid receptor thereby constitutively transrepressing or 
transact ivating gene expression. Furthermore, other 

25 modifications use a ligand binding domain which recognizes 
its natural ligand or if modified recognizes a non-natural 
ligand, but is fused with a DNA binding domain and trans - 
regulatory domains not associated normally with the ligand 
binding domain. Such a construct is capable of regulating 

30 the expression of a gene not normally associated with the 
ligand binding domain in a wild type receptor protein. 

These modified receptors can be expressed by special 
ly designing DNA expression vectors to control the level 
of expression of recombinant gene products. The steroid 

35 receptor family of gene regulatory proteins is an ideal 
set of such molecules. These proteins are ligand 
activated transcription factors whose ligands can range 
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from steroids to retinoids, fatty acids, vitamins, thyroid 
hormones and other presently unidentified small molecules. 
These compounds bind to receptors and either activate or 
repress transcription. 
5 These receptors are modified to allow them to bind 

various ligands whose structure is either naturally 
occurring or differs from naturally occurring ligands. By 
screening receptor mutants, receptors can be selected that 
respond to ligands which do not activate the host cell 
10 endogenous receptor. Thus, regulation of a desired 
transgene can be achieved using a ligand which binds to 
and regulates a customized receptor. This occurs only 
with cells that have incorporated and express the modified 
receptor. 

15 Taking advantage of the abilities of the modified 

steroid hormone receptor to effect regulation of gene 
expression, these gene constructs can be used as thera- 
peutic gene medicines . These modified receptors are 
useful in gene therapy where the level of expression of a 

20 gene, whether transactivation or repression, is required 
to be controlled. The number of diseases associated with 
inappropriate production or responses to hormonal stimuli 
highlights the medical and biological importance of these 
constructs . 

25 The properties of the modified steroid hormone 

receptors allow the deleterious effects of steroids to be 
avoided while maintaining their therapeutic benefits. In 
particular, administration of steroids causes toxicity 
problems . The deleterious effects of steroids can be 

3 0 attributed to the in vivo transactivation or transrepres- 
sion of certain genes. These toxic effects may well be 
the result of both transactivation and transrepression, or 
be primarily attributable to one of them. The present 
invention features the use of modified GR molecules as 

3 5 gene medicines for the replacement of steroid therapy. 
These synthetic receptors retain functions similar to 
those of the endogenous receptors, but by responding to 
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alternative ligands, eliminate some of the toxic side 
effects attributable to currently used steroid therapy. 

This aJDility of the GR constructs to avoid steroid 
toxicity but still exhibit therapeutic effects allows the 
5 constructs to be used for treating numerous diseases, 
including arthritis, asthma, senile dementia or 
Parkinson's, disease. Furthermore, the constructs can be 
used for preventing or treating diseases in which inap- 
propriate production or responses to hormonal stimuli 

10 exists, e.g., hormone -dependent cancers of the breast, 
ovary, endometrium, prostate, and post -menopausal osteo- 
porosis. The constructs also can be used in conjunction 
with CO- transf ected expression vectors so as to operate as 
a gene switch. For detailed description of gene switch, 

15 see, U.S. Application Serial No. 07/93 9,246, Vegeto et 
al., and U.S. Patent No. 5/364,791, Vegeto et al . , the 
whole of which (including drawings) are both hereby 
incorporated by referen^-re. 

In addition, the constructs above can be used for gene 

20 replacement therapy in humans and fox creating transgenic 
animal* models used for studying human diseases . The 
transgenic models can be used as well for assessing and 
exploring novel therapeutic avenues to treat effects of 
chemical and physical carcinogens and tumor promoters. 

25 The above constructs can also be used for distinguishing 
steroid hormone receptor antagonists and steroid hormone 
receptor agonists. Such recognition of antagonist or 
agonist activity can be performed using cells transformed 
with the above constructs. 

3 0 In a first aspect, the present invention features a 

modified glucocorticoid receptor fusion protein. The 
fusion protein receptor is GR with its ligand- binding 
domain replaced with a mutated PR ligand- binding domain. 
This fusion protein is capable of being activated by the 

35 binding of a non-natural ligand but not by natural or 
synthetic glucocorticoid or other natural or synthetic 
steroids. The fusion protein includes a glucocorticoid 
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receptor region which comprises a DNA binding domain and 
transregulatory domains. The trans regulatory domains are 
capable of transactivating or transrepressing glucocorti- 
coid responsive gene expression. Such mutations and 
5 fusion proteins can be created from different receptors 
and from different species, and still accomplish the same 
physiological effect. Thus, the present invention is not 
limited to glucocorticoid receptors nor to the species 
herein, 

10 In addition to the glucocorticoid receptor region, the 

fusion protein also includes a mutated progesterone ligand 
binding region which is capable of binding a non-natural 
ligand. The mutated ligand binding region is mutated by 
deletion of about 42 to 54 carboxyl terminal amino acids 

15 of a progesterone receptor ligand binding domain. The 
mutated progesterone receptor ligand binding region 
comprises about amino acids 640 through 891 of a 
progesterone receptor. Other embodiments comprise amino 
acids 640-917 while other embodiments comprise amino acids 

20 640-920. One skilled in the art will recognize that 
various mutations can be created to achieve the desired 
function. 

The term "fusion protein" as used herein refers to a 
protein which is composed of two or more proteins, or 

25 fragments thereof, occurring separately in nature. The 
combination can be between complete amino acid sequences 
of the protein as found in nature, or fragments thereof. 
In the case of the glucocorticoid-progesterone fusion 
protein receptor, the fusion protein is composed of 

3 0 portions of the glucocorticoid receptor and the 
progesterone receptor. This combination can include the 
complete amino acid sequence of each protein or fragments 
thereof. For example, the glucocorticoid-progesterone 
fusion protein may include the ligand binding domain of 

35 progesterone and the DNA binding domain and transregu- 
latory domains of the glucocorticoid receptor. This is 
only an example and not meant to be limiting. 
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In addition to the above, other fusion proteins can be 
constructed. A useful construct includes a fusion protein 
comprising: (1) a ligand binding domain which binds 
endogenous ligand, and (2) a DNA binding domain and/or 
5 transregulatory domains not naturally associated with the 
ligand binding domain. Such a construct allows the 
regulation of expression of other genes, whether 
activation or repression, which are not normally regulated 
by the ligand binding domain. A person skilled in the art 

10 will recognize that there are other possible variations of 
the above fusion protein that are within the scope of the 
present invention. 

The term "non-natural ligand" as used herein refers to 
compounds which can normally bind to the ligand binding 

15 domain of a receptor but are not the endogenous ligand. 
The receptor is not exposed to the ligand unless it is 
exogenously supplied. This also includes ligands or 
compounds which are not normally foxind in animals or 
humans. Non-natural also includes ligands which are not 

20 naturally found in the specific organism (man or animal) 
in which gene therapy is contemplated. These ligands 
activate receptors by binding to the modified ligand 
binding domain. Activation can occur through a specific 
ligand- receptor interaction whether it is through direct 

25 binding or through association in some form with the 
receptor. 

"Natural ligand" as used here refers to compounds 
which normally bind to the ligand binding domain of a 
receptor and are endogenous. The receptor in this case is 
3 0 exposed to the ligand endogenous ly. Natural ligands 
include steroids, retinoids, fatty acids, vitamins, 
thyroid hormones, as well as synthetic variations of the 
above. This is meant to be only an example and non- 
limiting. 

35 The term "ligand" as referred to herein means any 

compound which activates the receptor, usually by 
interaction with the ligand binding domain of the 



wo 96/40911 



PCT/US9d/04324 



receptor. Ligand includes a molecule or an assemblage of 
molecules capable of specifically binding to a modified 
receptor. The term "specifically binding" means that a 
labelled ligand bound to the receptor can be completely 
5 displaced from the receptor by the addition of unlabelled 
ligand, as is known in the art. 

Examples of non-natural ligands and non-native ligands 
include the following: Xip- (4 -dimethylaminophenyl) -XI p- 
hydroxy-17a-propinyl-4, 9-estradiene-3 -one (RU486 or 

10 Mif epripeestone) ; lljS- (4 -dimethylaminophenyl) - IVof- hydroxy - 
17/S- (3 -hydroxypropyl) -13a-methyl-4 , 9-gonadiene- 3 - one 
{2K98299 or Onapristone) ; 11^- (4 -acetylphenyl) -17^5- 
hydroxy-17a- (1-propinyl) -4, 9-estradiene-3-one (ZK112993) ; 
11^- (4 -dimethylaminophenyl) -17jS-hydroxy-17a- (3-hydroxy- 

15 1(2) -propenyl -estra-4 , 9 -diene- 3 -one ( ZK98734 ) ; 

(7)5, 11)3, 17)3) -11- (4-dimethylaminophenyl) -7-methyl-4 ' , 5 ' - 
dihydrospiro [ester-4 , 9 -diene -17 , 2 ' ( 3 'H) -f uran] -3 -one 
(Org31806) ; (11/3, 14/3, 17a) -4 ' , 5 ' -dihydro-11- (4-dimethyl- 
aminophenyl) - [spiroestra-4, 9-diene-17,2 ' (3'H) -furan] -3-one 

20 (Org31376) ; 5Q!-pregnane-3 , 2-dione . 

The term "binding" or "bound" as used herein refers to 
the association, attaching, connecting, or linking through 
covalent or non-covalent means, of a ligand, whether non- 
natural or natural, with a corresponding receptor. The 

25 ligand and receptor interact at complementary and specific 
within sites on a given structure. Binding includes, but 
is not limited to, components which associate by 
electrostatic binding, hydrophobic binding, hydrogen 
binding, intercalation or forming helical structures with 

30 specific sites on nucleic acid molecules. 

The terra "glucocorticoid receptor" refers to a steroid 
hormone receptor which responds to a glucocorticoid 
ligand. The glucocorticoid receptor is part of the 
steroid hormone receptor superfamily which are known 

35 steroid receptors whose primary sequence suggests that 
they are related to each other. Representative examples 
of such receptors include the estrogen, progesterone, 
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Vitamin D, chicken ovalbumin upstream promoter trans - 
factor, ecdysone, Nurr-1 and orphan receptors, glucocorti- 
coid-a, glucocorticoid-^, mineralocorticoid, androgen, 
thyroid hormone, retinoic acid, and retinoid X. These 
5 receptors are composed of DNA binding domains, ligand 
binding domains, as well as transregulatory domains* 

The glucocorticoid receptor is a ligand- dependent 
transcription factor capable of both positive and negative 
regulation of gene expression. Interaction of the 

10 receptor with a ligand induces a cascade of molecular 
events that ultimately lead to the specific association of 
the activated receptor with regulatory elements of target 
genes . In an inactive form such receptors form a large 
complex comprising the receptor, heat shock proteins and 

15 other proteins. 

The term "glucocorticoid receptor region" refers to a 
fragment or part of the complete glucocorticoid receptor 
as defined above. A glucocorticoid receptor region may 
retain complete or partial activity of the natural 

2 0 receptor protein. For example, a glucocorticoid receptor 

region might contain only the DNA binding domain and the 
transregulatory domains and not the ligand binding domain, 
or vice versa. This is only an example and not meant to 
be limiting. 

25 The term "ligand binding domain" or "ligand binding 

region" as used herein refers to that portion of a steroid 
hormone receptor protein which binds the appropriate 
hormone or ligand and induces a cascade of molecular 
events that ultimately leads to the specific association 

3 0 of the activated receptor with regulatory elements of 

target genes. This includes, but is not limited to, the 
positive or negative effects on regulation of gene trans- 
cription. Binding of ligand to the ligand binding domain 
induces a conformation change in the receptor structure. 
35 The conformational change includes the dissociation of 
heat shock proteins and the release of a monomeric 
receptor from the receptor complex, as well as a different 
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tertiary or 3 -dimensional structure. The conformational 
change that occurs is specific for the steroid receptor 
and ligand that binds to the ligand binding domain. 

For example, for glucocorticoid receptors, the 
5 conformation change that occurs when glucocorticoid 
hormone binds allows homodimerization, i.e., dimerization 
between two identical GR molecules. However, heterodimer- 
ization can occur with other steroid receptors, i.e., 
dimerization with two molecules such as GR and ER. Such 
10 dimerization allows the receptor to bind with DNA or 
induce the regulatory effect by binding other transcrip- 
tion factors. 

The term "DNA binding domain" as used herein refers to 
that part of the steroid hormone receptor protein which 

15 binds specific DNA sequence in the regulatory regions of 
target genes. This domain is capable of binding short 
nucleotide stretches arranged as palindromic, inverted or 
• repeated repeats. Such binding, will activate gene 
expression depending on the specific ligand and the 

20 conformational . changes due to such ligand binding. For 
repression, DNA binding is not needed. 

The term " transregulatory domain" as used herein 
refers to those portions of the steroid hormone receptor 
protein which are capable of transactivating or 

25 transrepressing gene expression. This would include 
different regions of the receptor responsible for either 
repression or activation, or the regions of the receptor 
responsible for both repression and activation. Such 
regions are spacially distinct. The above is only an 

30 example and meant to be non- limiting. For transrepres- 
sion, this domain under one mechanism is involved with 
dimerization which in turn causes a protein/protein 
interaction to prevent or repress gene expression. Such 
regulation occurs when the receptor is activated by the 

35 ligand binding to the ligand binding domain. The 
conformational change of the receptor is capable of 
forming a dimer with a discrete portion of the 
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transregulatory domain to repress gene expression. In 
addition, repression can occur through a monomeric form of 
the receptor, however, DNA binding is not necessary (see 
below) , 

5 The terms "transactivation, " " transact ivate, " or 

" transact ivating" refer to a positive effect on the 
regulation of gene transcription due to the interaction of 
a hormone or ligand with a receptor causing the cascade of 
molecular events that ultimately lead to the specific 

10 association of the activated receptor with the regulatory 
elements of the target genes. Transactivation can occur 
from the interaction of non-natural as well as natural 
ligands. Agonist compounds which interact with steroid 
hormone receptors to promote transcriptional response can 

15 cause transactivation. Such positive effects on trans- 
cription include the binding of an activated receptor to 
specific recognition sequences in the promoter of target 
genes to activate transcription. The activated receptors 
are capable of interacting specifically with DNA. The 

20 hormone- or ligand-activated receptors associate with 
specific DNA sequences, or hormone response elements, in 
the regulatory regions of target genes. Transactivation 
alters the rate of transcription or induces the transcrip- 
tion of a particular gene(s) . It refers to an increase in 

25 the rate and/or amount of transcription taking place. 

The terms "transrepress, " " transrepression" or 
" transrepressing" as used herein refer to the negative 
effects on regulation of gene transcription due to the 
interaction of a hormone or ligand with a receptor 

3 0 inducing a cascade of molecular events that ultimately 
lead to the specific association of the activated receptor 
with other transcription factors such as NF^-B or AP-1. 
Transrepression can occur from the interaction of non- 
natural as well as natural ligands. Antagonist and 

35 agonist compounds which interact with steroid hormone 
receptor cam cause transrepression. Once the ligand binds 
to the receptor, a conformational change occurs. Trans- 
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repression can occur via two different mechanisms, i.e., 
through the dimeric and monomeric form of the receptor. 
Use of the monomeric form of the receptor for transrepres- 
sion depends on the presence of the DNA binding domain but 
5 not on the ability of the receptor to bind DNA, Use of 
the dimeric form of the receptor for transrepression 
depends on the receptor binding response elements 
overlapping cis-element (s) . Transrepression alters the 
rate of transcription or inhibits the transcription of a 

10 particular gene. Transrepression decreases the rate 
and/or the amount of transcription taking place. 

The term "progesterone receptor" as used herein also 
refers to a steroid hormone receptor which responds to or 
is activated by the hormone progesterone. Progesterone is 

15 part of the steroid hormone receptor superfamily as 
described above. The progesterone receptor can exist as 
two distinct but related forms that are derived from the 
same gene. The process for generation of the products may 
be alternate initiation of transcription, splicing dif- 

20 ferences, or transcription termination. These receptors 
are composed of DNA binding, ligand binding, as well as 
transregulatory domains. The progesterone receptor is 
also a ligand- dependent transcription factor capable of 
regulating gene expression. Interaction of the proges- 

25 terone receptor with a ligand induces a cascade of 
molecular events that ultimately lead to the specific 
association of the activated receptor with regulatory 
elements of target genes. 

The term "modified," "modification," "mutant" or 

30 "mutated" refers to an alteration of the receptor from its 
naturally occurring wild- type form. This includes alter- 
ation of the primary sec[uence of a receptor such that it 
differs from the wild- type or naturally -occurring 
sequence . The mutant steroid hormone receptor protein as 

3 5 used in the present invention can be a mutant of any 
member of the steroid hormone receptor superfamily. For 
example, a steroid receptor can be mutated by deletion of 
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amino acids on the carboxyl terminal end of the protein. 
Generally, a deletion of from about 1 to about 120 amino 
acids from the carboxyl terminal end of the protein 
provides a mutant steroid hormone receptor useful in the 
5 present invention. A person having ordinary skill in this 
art will recognize, however, that a shorter deletion of 
carboxyl terminal amino acids will be necessary to create 
useful mutants of certain steroid hormone receptor 
proteins. Other mutations or deletions can be made in 

10 other domains of the steroid receptor of interest, such as 
the DNA binding domain or the trans regulatory domain. 

For example, a mutant of the progesterone receptor 
protein will contain a carboxyl terminal amino acid 
deletion of approximately 1 to 60 amino acids. In a 

15 preferred embodiment of the present invention, 42 carboxyl 
terminal amino acids are deleted from the progesterone 
receptor protein. Likewise, a mutation of one or more 
amino acids in the DNA binding domain or the trans - 
regulatory domains can change the regulation of gene 

20 expression. 

One skilled in the art will recognize that a 
combination of mutations and/or deletions are possible to 
gain the desired response. This would include doiible 
point mutations to the same or different domains. In 

25 addition, mutation also includes "null mutations" which 
are genetic lesions to a gene locus that totally 
inactivate the gene product. 

One example is the generation of GR constructs by 
incorporating mutations in the GR to produce the desired 

30 effect. This would include, but is not limited to, 
mutations to amino acids 421 to 481 of the rat GR to 
eliminate the ability of the GR to transrepress promoter 
constructs dependent on AP-1 and NFr-B while still 
retaining the ability to transactivate the expression of 

35 GRE-dependent promoter constructs. Such mutations which 
generate transact ivat ion but not transrepressing activity 
include 1) the serine at position 425 changed to a 
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glycine/ the leucine at position 43 6 changed to a valine 
and the tyrosine and asparagine at positions 478 and 479 
would be changed to leucine and glycine respectively. 
This is only an example and not a limitation. One skilled 
5 in the art will be well aware that other mutations can be 
created to provide the desired effect. Such mutations can 
be used in human GR constructs. 

Mutations can also be generated in the D-loop of the 
DNA binding domain of GR that interfere with dimerization 

10 of GR. These mutations eliminate the ability of GR to 
transactivate but still promote transrepressing 
efficiently. In the case of rat GR such mutations 
transrepress even better than the wild type rat GR. Such 
mutations eliciting transrepression but not 

15 transactivation activity include the alanine at position 
458 changed to a threonine, the asparagine and alanine at 
positions 454 and 458 changed to aspartic acid and 
threonine, respectively, and arginine and aspartic acid at 
positions 460 and 462 changed to aspartic acid and 

20 cysteine, respectively. The above mutated regions can be 
further and more precisely defined in humans by routine 
methodology, e.g., deletion or mutation analysis or their 
equivalent to obtain a ligajnd binding domain without 
natural ligand activity but with non-natural ligand 

25 activity. The above is only an example and meant to be 
non- limiting . 

The term mutation also includes any other derivatives. 
The term "derivative" as used herein refers to a peptide 
or compound produced or modified from another peptide or 

30 compound of a similar structure. This could be produced 
in one or more steps. The term "modified" or 

"modification" as used herein refers to a change in the 
composition or structure of the compound or molecule. 
However, the activity of the derivative, modified 

3 5 compound, or molecule is retained, enhanced, or increased 
relative to the activity of the parent compound or 
molecule. This would include the change of one amino acid 
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in the sequence of the peptide or the introduction of one 
or more non-naturally occurring amino acids or other 
compounds. This includes a change in a chemical body, a 
change in a hydrogen placement, or any type of chemical 
5 variation. In addition, "analog" as used herein refers to 
a compound that resembles another structure. Analog is 
not necessarily an isomer. The above are only examples 
and are not limiting. 

The term "nucleic acid sequence," "gene," "nucleic 

10 acid" or "nucleic acid cassette" as used herein refers to 
the genetic material of interest which can express a 
protein, or a peptide, or RNA after it is incorporated 
transiently, permanently, or episomally into a cell. The 
nucleic acid can be positionally and sequentially oriented 

15 in a vector with other necessary elements such that the 
nucleic acid can be transcribed and, when necessary, 
translated into protein in the cells. 

The term "genetic mr^terial" as used herein refers to 
contiguous fragments of DNA or RNA. The genetic material 

20 which is introduced into targeted cells can be any DNA or 
RNA. For example, the nucleic acid can be: (1) normally 
found in the targeted cells, (2) normally found in 
targeted cells but not expressed at physiologically 
appropriate levels in targeted cells, (3) normally found 

25 in targeted cells but not expressed at optimal levels in 
certain pathological conditions, (4) not normally found in 
the targeted cells, (5) novel fragments of genes normally 
expressed or not expressed in targeted cells, 
(6) synthetic modifications of genes expressed or not 

3 0 expressed within targeted cells, (7) any other DNA which 
may be modified for expression in targeted cells and 
(8) any combination of the above. 

The term "gene expression" or "nucleic acid 
expression" as used herein refers to the gene product of 

35 the genetic material from the transcription and 
translation process. Expression includes the polypeptide 
chain translated from an mRNA molecule which is 
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transcribed from a gene . If the RNA transcript is not 
translated, e.g., rRNA, tRNA, the RNA molecule represents 
the gene product . 

The expression of the glucocorticoid-progesterone 
5 fusion protein receptor can be expressed as a cell 
surface, cytoplasmic or nuclear protein. By "cell surface 
protein" it is meant that a protein is wholly or partially 
spanning the cell membrane when expressed and which also 
is exposed on the surface of the cell. By cytoplasmic 

10 protein it is meant that a protein is contained completely 
within the cytoplasm, and does not span the nucleus or 
cell surfaces. As for "nuclear protein" it is meant that 
the protein is wholly or partially spanning the nuclear 
membrane when expressed and is exposed to the cell 

15 cytoplasm, or may be contained completely within the cell 
nucleus, not attached to the nuclear membrane and not 
exposed to cell cytoplasm. 

A second aspect of the present invention features a 
modified glucocorticoid receptor protein. The 

20 glucocorticoid receptor protein contains a DNA binding 
domain, transregulatory domains and a mutated ligand 
binding domain. The modified protein is capable of 
binding a non-natural ligand by the mutated ligand binding 
domain. The mutated ligand domain is created by deleting 

25 about 2-5 carboxyl terminal amino acids from the ligand 
binding domain. In a preferred embodiment, the modified 
glucocorticoid receptor protein can be mutated by deleting 
amino acids 762 and 763 , and substituting or altering 
amino acids 752 and 753, of the ligand binding domain. 

3 0 Substituted amino acids 752 and 753 can be changed to be 
both alanines . 

A third aspect of the present invention features a 
modified glucocorticoid receptor protein. This protein 
contains a DNA binding domain and transregulatory domains. 

35 The transregulatory domains are capable of cons ti tut ively 
transact i vat ing or transrepressing gene expression. The 
receptor protein is mutated by removing the ligand binding 
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domain. As used herein the term "constitutively" refers 
to the ability to continually activate or repress gene 
expression without the need for a ligand. 

A fourth aspect of the present invention features a 
5 modified glucocorticoid receptor protein. This protein is 
capable of binding a non-natural ligand. The modified 
receptor contains a glucocorticoid receptor . region which 
comprises a DNA binding domain, a mutated transregulatory 
domain and a mutated ligand binding domain. The mutated 
10 transregulatory domains are capable of transactivating 
gene expreission but not transrepressing gene expression. 

For example, the mutated ligand binding domain is 
mutated as described above. The rat GR mutated 

transregulatory domain is mutated by changing the serine 
15 at position 425 to glycine, the leucine at position 43 6 to 
valine, and the tyrosine and asparagine at positions 478 
and 479 to leucine and glycine. . Such mutations can be 
us.ed in human GR. 

A fifth aspect of the present invention features a 
20 modified glucocorticoid receptor protein which is capable 
of binding a non-natural ligand. The modified receptor 
contain a glucocorticoid receptor region which comprises 
a mutated DNA binding domain, transregulatory domains and 
a mutated ligand binding domain. The mutated DNA binding 
25 domain prevents transactivation since DNA binding is 
necessary for such activation. The transregulatory 
domains are capable of transrepressing gene expression but 
not transactivating gene repression. Such activity occurs 
upon binding of the mutated binding ligand with the non- 
30 natural ligand. 

For example, the mutated ligand binding domain is 
mutated as described eibove. The rat GR mutated DNA 
binding domain is mutated by changing the alanine at 
position 4 58 to threonine, the asparagine and alanine at 
35 positions 454 and 458 changed to aspartic acid and 
threonine respectively, and the arginine and aspartic acid 
at positions 460 and 562 changed to aspartic acid and 
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cysteine, respectively. Such mutations can be used in 
human GR . 

A sixth related aspect of the invention features a 
nucleic acid sequence encoding one of the modified 
5 glucocorticoid receptors as discussed above, including the 
fusion protein receptor. The nucleic acid is the genetic 
material which can express a protein, or a peptide, or RNA 
after it is incorporated transiently, permanently or 
episomally into a cell. 

10 A seventh related aspect of the present invention 

features a vector containing a nucleic acid sequence for 
the modified glucocorticoid receptors discussed above. 
The vectors are capable of expressing the nucleic acid 
transiently, permanently or episomally into a cell or 

15 tissue. In one example, the vector is a plasmid 
designated as pGR04 03R for the const itutively active GR 
and pGR0385 for mutated rat GR. 

The term "vector" as used herein refers to a construc- 
tion comprised of genetic material designed to direct 

20 transformation of a targeted cell. A vector contains 
multiple genetic elements positionally and sequentially 
oriented with other necessary elements such that the 
nucleic acid in a nucleic acid cassette can be transcribed 
and when necessary translated in the transfected cells. 

25 The" term vector as used herein can refer to nucleic acid, 
e.g., DNA derived from a plasmid, cosmid, phagemid or 
bacteriophage, into which one or more fragments of nucleic 
acid may be inserted or cloned which encode for particular 
proteins. The term "plasmid" as used herein refers to a 

3 0 construction comprised of extrachromosomal genetic 
material, usually of a circular duplex of DNA which cam 
replicate independently of chromosomal DNA. The plasmid 
does not necessarily replicate. 

The vector can contain one or more unique restriction 

35 sites, and may be capable of autonomous replication in a 
defined host or organism such that the cloned sequence is 
reproduced. The vector molecule can confer some well- 
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defined phenotype on the host organism which is either 
selectable or readily detected. The ^vector may have a 
linear or circular configuration. The components of a 
vector can contain but is not limited to a DNA molecule 
5 incorporating: (1) DNA; (2) a sequence encoding a 
therapeutic or desired product; and (3) regulatory 
elements for transcription, translation, RNA processing, 
RNA stability, and replication. 

The purpose of the vector is to provide expression of 

10 a nucleic acid sequence in cells or tissue. Expression 
includes the efficient transcription of an inserted gene 
or nucleic acid sequence. Expression products may be 
proteins, polypeptides, or RNA. The nucleic acid sequence 
can be contained in a nucleic acid cassette . Expression 

15 of the nucleic acid can be continuous / constitutive, or 
regulated. The vector can also be used as a prokaryotic 
element for replication of plasmid in bacteria and 
selection for maintenance of plasmid in bacteria. 

In the present invention the preferred vector 

20 comprises the following elements linked sequentially at an 
appropriate distance to allow functional expression: a 
promoter, a 5' mRNA leader sequence, a translation 
initiation site, a nucleic acid cassette containing the 
sequence to be expressed, a 3' mRNA untranslated region, 

25 and a polyadenylation signal secjuence . As used herein the 
term "expression vector" refers to a DNA vector that 
contains all of the information necessary to produce a 
recombinant protein in a heterologous cell. 

In addition, the term "vector" as used herein can also 

30 include viral vectors. A "viral vector" in this sense is 
one that is physically incorporated in a viral particle by 
the inclusion of a portion of a viral genome within the 
vector, e.g., a packaging signal, and is not merely DNA or 
a located gene taken from a portion of a viral nucleic 

35 acid. Thus, while a portion of a viral genome can be 
present in a vector of the present invention, that portion 
does not cause incorporation of the vector into a viral 
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particle and thus is unable to produce an infective viral 
particle. 

A vector as used herein can also include DNA sequence 
elements which enable extra -chromosomal (episomal) 
5 replication of the DNA. Vectors capable of episomal 
replication are maintained as extra-chromosomal molecules 
and can replicate. These vectors are not eliminated by 
simple degradation but continue to be copied. These 
elements may be derived from a viral or mammalian genome. 

10 These provide prolonged or "persistent" expression as 
described below. 

The term "persistent expression" as used herein refers 
to introduction of genes into the cell together with 
genetic elements which enable episomal (i.e., 

15 extrachromosomal) replication. This can lead to 

apparently stable transformation of the cell without the 
integration of the novel genetic material into the 
chromosome of the host cell . 

"Stable expression" as used herein relates to the 

20 integration of genetic material intO; chromosomes of the 
targeted cell where it becomes a permanent component of 
the genetic material in that cell . Gene expression after 
stable integration can permanently alter the 
characteristics of the cell and its progeny arising by 

25 replication leading to stable transformation. 

An eighth related aspect of the present invention 
features a transfected cell containing a vector which 
contains nucleic acid sequence for a modified 
glucocorticoid receptor as discussed above. As used 

30 herein the term "transfected" or "transf ection" refers to 
the incorporation of foreign DNA into any cells by 
exposing them to such DNA. This would include the 
introduction of DNA by various delivery methods, e.gr., via 
vectors or plasmids . 

3 5 Methods of transf ection may include microinjection, 

CaPO^ precipitation, liposome fusion (e.g., lipofection) , 
electroporation or use of a gene gun. Those are only 
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examples and are meant not to be limiting. The term 
"transf ection" as used herein refers to the process of 
introducing DNA (e.g., DNA expression vector) into a cell. 
Following entry into the cell, the transf ected DNA may: 
5 (1) recombine with the genome of the host; (2) replicate 
independently as an episome; or (3) be maintained as an 
episome without replication prior to elimination. Cells 
may be naturally able to uptake DNA. Particular cells 
which are not naturally able to take up DNA require 

10 various treatments, as described above, in order to induce 
the transfer of DNA across the cell membrane. 

A ninth related aspect of the present invention 
features a transformed cell with a vector containing a 
nucleic acid sequence for a modified glucocorticoid 

15 receptor as discussed above. As used here in the term 
"transformed" or "transformation" refers to transient, 
stable or permanent changes in the characteristics 
(expressed phenotype) of a cell by the mechanism of gene 
transfer. Genetic material is introduced into a cell in a 

20 form where it expresses a specific gene product or alters 
the expression or effects of endogenous gene products. 

The term "stable" as used herein refers to the 
introduction of gene(s) into the chromosome of the 
targeted cell where it integrates and becomes a permanent 

25 component of the genetic material in that cell. Gene 
expression after stable transformation can permanently 
alter the characteristics of the cell leading to stable 
transformation. An episomal transformation is a variant 
of stable transformation in which the introduced gene is 

30 not incorporated in the host cell chromosomes but rather 
is replicated as an extrachromosomal element. This can 
lead to apparently stable transformation of the 
characteristics of a cell. "Transiently" as used herein 
refers to the introduction of a gene into a cell to 

35 eaq^ress the nucleic acid, e.g., the cell express specific 
proteins, peptides or RNA, etc. The introduced gene is 
not integrated into the host cell genome and is 
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accordingly eliminated from the cell over a period of 
time. Transient expression relates to the expression of 
a gene product during a period of transient transf ection. 
Transient expression also refers to transfected cells with 
5 a limited life span. 

Transformation can.be performed by in vivo techniques 
as described below or ex vivo techniques in which cells 
are co- transf ected with a vector containing a selectable 
marker. This selectable marker is used to select those 

10 cells which have become transformed. It is well known to 
those skilled in the art the type of selectable markers to 
be used with transformation studies. Transformation can 
be tissue specific to regulate expression of the nucleic 
acid predominantly in the tissue or cell of choice. 

15 Transformation of the cell may be associated with 

production of a variety of gene products including protein 
and RNA. These products may function as intracellular or 
extracellular structural elements, ligands, hormones, 
neurotransmitters, growth regulating factors, enzymes, 

20 serum proteins, receptors, carriers for small molecular 
weight compounds , drugs , immunomodulators , oncogenes , 
tumor suppressors, toxins, tumor antigens, antigens, 
antisense inhibitors, triple strand forming inhibitors, 
ribozymes, or as a ligand recognizing specific structural 

25 determinants on cellular structures for the purpose of 
modifying their activity. Other examples can be found 
aJDOve in the discussion of nucleic acid cassette. The 
product expressed by the transformed cell depends on the 
nucleic acid of the nucleic acid cassette. This list is 

30 only an example and is not meant to be limiting. In the 
p3-esent invention the nucleic acid to be expressed is a 
fusion protein as referenced above, or variations thereof 
or any of the other receptor proteins disclosed herein. 
In one embodiment the transformed cell is a muscle 

35 cell. The term "muscle" refers to myogenic cells 
including myoblasts , skeletal , heart and smooth muscle 
cells. The muscle cells or tissue can be in vivo, in 
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vitro or tissue culture and capable of differentiating 
into muscle tissue. In another embodiment, the 

transformed cell is a lung cell. The term "lung cell" as 
used herein refers to cells associated with the pulmonary 
5 system. The lung cell can also be in vivo, in vitro or 
tissue culture. 

In still another embodiment, the transformed cell is 
a cell associated with the joints. The term "cells 
associated with the joints" refers to all of the cellular 

10 and non-cellular materials which comprise the joint (e.g., 
knee or elbow) and are involved in the normal function of 
the joint or are present within the joint due to 
pathological conditions. These include material 

associated with: the joint capsule such as synovial 

15 membranes, synovial fluid, synovial cells (including type 
A cells and type B synovial cells) ; the cartilaginous 
components of the joint such as chondrocyte, extracellular 
matrix of cartilage; the bony structures such as bone, 
periosteum of bone, periosteal cells, osteoblast, 

20 osteoclast; the immunological components such as 
inflammatory cells, lymphocytes, mast cells, monocytes, 
eosinophil; other cells like fibroblasts; and combinations 
of the above. Once transformed these cells express the 
fusion protein. One skilled in the art will cjuickly 

25 realize that any cell is capable of undergoing 
transformation and within the scope of this invention. 

A tenth aspect of the present invention features 
methods for transforming a cell with a vector containing 
nucleic acid encoding for a modified glucocorticoid 

30 receptor. This method includes the steps of transforming 
a cell in situ by contacting the cell with the vector for 
a sufficient amount of time to transform the cell. As 
discussed above, trains format ion can be in vivo or ex vivo. 
Once transformed the cell expresses the mutated 

35 glucocorticoid receptor. This method includes methods of 
introducing and methods of incorporating the vector. 
"Incorporating" and "introducing" as used herein refer to 
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uptake or transfer of the vector into a cell such that the 
vector can express the therapeutic, gene product within a 
cell as discussed with transformation above. 

An eleventh aspect of the present invention features 
5 a method of using the modified glucocorticoid receptors 
discussed above. This method comprises the steps of 
transforming a cell with a vector containing a nucleic 
acid encoding for the modified glucocorticoid receptor of 
interest. The transformed cells are able to express the 

10 mutated glucocorticoid receptor. The receptor is capable 
of regulating by a non-natural ligand the expression of 
glucocorticoid responsive genes, whether such regulation 
is transact i vat ion or transrepression. The term 

"glucocorticoid responsive genes" as used herein refers to 

15 genes whose expression is regrulated by the activation of 
the glucocorticoid receptor. Such regulation includes 
both positive and negative regulation of gene expression. 
This also includes GRE (glucocorticoid response element) 
controlled genes. 

2 0 This method of use includes methods of gene 

replacement using the fusion protein, methods of gene 
therapy using the fusion protein and methods of 
administering the fusion protein in which the same steps 
are used. "Gene replacement" as used herein means 
25 supplying a nucleic acid sequence which is capable of 
being expressive in vivo in an animal and thereby 
providing or augmenting the function of an endogenous gene 
which is missing or defective in the animal. 

The methods of use also include methods for using the 

3 0 modified glucocorticoid receptor to activate GRE 

controlled genes. Such genes can be co-transf ected with 
the modified glucocorticoid receptors. Such co- 

transfection allows activated expression of the GRE 
controlled genes. Furthermore, the methods of use include 
3 5 the use of tissue specific delivery systems, and use of 
mRNA stability constructs. 
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The present invention features methods for 
administration as discussed above. . Such methods include 
methods for administering a supply of polypeptide, protein 
or RNA to a human, animal or to tissue culture or cells. 
5 These methods of use of the above -referenced vectors 
comprises the steps of administering an effective amount 
of the vectors to a human, animal or tissue culture. The 
term "administering" or "administration" as used herein 
refers to the route of introduction of a vector or carrier 

10 of DNA into the body. The vectors of the above methods 
and the methods discussed below may be administered by 
various routes. Administration may be intravenous, 
intratissue injection, topical, oral, or by gene gun or 
hypospray instrumentation. Administration can be directly 

15 to a target tissue, e.g. direct injection into synovial 
cavity or cells, or through systemic delivery. These are 
only examples and are nonlimiting. 

Administration will include a variety of methods, such 
as direct gene transfer into muscle tissue by liposomes, 

20 proteoliposomes, calcium phosphate-cp-precipitated DNA, 
DNA coupled to macro-molecular complexes, DNA 
transporters, DNA coated to micro-projectiles, coated 
plasmids, direct micro-injection, as well as tissue 
grafting. Direct gene transfer of vectors can be 

25 administered by microinjection, elect roporat ion, 
liposomes, proteoliposomes, calcium-phosphate-co- 
precipitation, tissue grafting, retroviral vectors, DNA 
coupled to macromolecular complexes, DNA transporters, 
gene gun and micro-projectiles. See, e.g., WO 93/18759, 

3 0 hereby incorporated by reference herein. The preferred 
embodiment is by direct injection. Routes of 

administration include intramuscular, aerosol, oral, 
topical, systemic, ocular, intraperitoneal, intrathecal 
and/or fluid spaces . 

35 The term "effective amount" as used herein refers to 

sufficient vector administered to humans, animals or into 
tissue culture cells to produce the adequate levels of 
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polypeptide, protein, or RNA. One skilled in the art 
recognizes that the adequate level of protein polypeptide 
or RNA will depend on the intended use of the particular 
vector. These levels will be different depending on the 
5 type of administration, treatment or vaccination as well 
as intended use. 

In one embodiment of the present invention, the method 
of using the mutated glucocorticoid receptors discussed 
above uses RU486 as the non-natural ligand to regulate 

10 gene expression. This ligand is capable of binding the 
mutated progesterone or glucocorticoid ligand binding 
domain and activating the transregulatory domains of the 
receptor. RU486 is capable of activating or repressing 
the appropriate glucocorticoid responsive genes. This is 

15 only and example and not meant to be limiting. Those 
skilled in the art will recognize that other non-natural 
ligands can be used. 

The method of use can regulate transactivation of 
glucocorticoid responsive genes or GRE controlled genes or 

20 gene constructs. In addition, the method of use can 
regulate transrepression of glucocorticoid responsive 
genes such as metalloproteinases , interleukins, 
cyclooxygenases, and cytokines. Although such genes 
respond to other stimuli, these genes are repressed by 

25 steroids. Typically, without the primary stimulant, 
steroids have little effect on the basal transcription of 
such genes. Genes such as IL-2, IL-S, IL-8, ICAM-1, 
VCAM-1 have been repressed by steroids. Any gene 
transcription depending on AP-1 or NF^-B will be repressed 

3 0 in the present invention. 

A twelfth aspect of the present invention features a 
method for treating arthritis. This method includes the 
transformation of cells associated with the joints with 
the above referenced vectors. The vectors contain nucleic 

35 acid which encode for the modified glucocorticoid receptor 
protein. Once expressed in the cells associated with the 
joints, the mutated protein is capable of transactivating 
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or transrepressing by a non-natural ligand the expression 
of glucocorticoid responsive genes or GRE controlled 
genes, including transfected GRE controlled gene 
constructs . 

5 With respect to the joints, diseases which can be 

treated by the methods of the present invention include 
those diseases known to one in the art as arthritis. This 
includes pathophysiological conditions resulting from 
inflammatory processes; hypertrophy or inappropriate 

10 proliferation of cellular elements of the joint; damage to 
the joint; enhancement of repair, regeneration, and 
recovery of essential structures comprising the joint 
after surgery or injury; and other acquired diseases of 
the joints. For example, in the treatment of a patho- 

15 logical condition the vector with or without a formulation 
will be introduced into cells comprising structures of the 
joint by injecting a pharmacological dose of the vector 
with or without a formulation into a joint. The nucleic 
acid cassette in the vector' encodes a protein, polypeptide 

20 or RNA. The vector is taken up by appropriate cells 
within the joint and expresses the protein, polypeptide or 
RNA. The preferred embodiment of this invention involves 
transient or persistent expression within the joint. This 
is preferable to stable expression since it enables 

25 adjustment of the level of expression in response to the 
evolution of the disease process. 

Specific diseases which can be treated by adminis- 
tration of vectors to cells within the joint include 
various arthritises, avascular necrosis, or injuries 

3 0 requiring repair and regeneration of structures comprising 
the joint. The various types of arthritis which can be 
treated, include but are not limited to: tendinitis; 
bursitis; fibrositis; bone lesions; soft tissue inflam- 
mation; degenerative joint disease; traumatic disorders; 

35 neuropathic arthropathy; metabolic disorders; synovial 
tumors; pigmented villonodular synovitis; hemorrhagic 
disorders; septic disorders; crystal -induced disorders 
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(gout) / immxine complex disease and vasculitis; systemic 
lupus erythematosus; rheumatoid • arthritis; Reiter's 
syndrome; psoriasis; ankylosing spondylitis; scleroderma; 
and arthritis of intestinal disease. In a specific 
5 embodiment of the present invention, an anti- inflammatory 
cytokine may be expressed including IL-4, IL-10, or TGF-p. 

Cells associated with fluid spaces incorporate the 
formulated DNA expression vector into the cell . 
"Incorporate" refers to uptake or transfer of the 

10 formulated DNA expression vector into a cell such that the 
formulated DNA expression vector can express the thera- 
peutic gene product within the cell, i.e., the mutated 
receptor. Significantly, incorporation may involve, but 
does not require / integration of the DNA expression vector 

15 or episomal replication of the DNA expression vector. 
Incorporation in this sense includes the short term 
persistence of the DNA expression vector in the cell 
before it is eliminated by degradation or translocation to 
other compartments. 

20 Incorporation includes expression of the nucleic acid 

cassette by cells, whether it is transient expression, 
persistent expression, or stable expression. "Transient 
expression" as used herein relates to the introduction of 
genetic material into a cell to express specific proteins, 

25 peptides or RNA, etc. The introduced genetic material is 
not integrated into or replicated by the host cell genome, 
but is accordingly eliminated from the cell over a period 
of time by degradation or translocation to other 
compartments. These terms are defined in more detail 

3 0 above . 

A thirteenth aspect of the present invention features 
a method for treating asthma. This method includes the 
transformation of cells associated with the lungs or 
pulmonary system with the above referenced vectors. The 
35 vectors contain nucleic acid which encodes the fusion 
protein. Once expressed in the lung cells the mutated 
receptor is capable of trans activating or transrepressing 
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the expression by a non-natural ligand of the appropriate 
glucocorticoid responsive genes and/or GRE controlled 
transgenes . 

In one embodiment, the above methods of treatment 
5 invoke use of RU486 as the non-natural ligand. The 
transact ivat ion and transrepression can occur when the 
mutated glucocorticoid receptor is activated by RU486. The 
genes that are transrepressed or transactivated in 
response to ligand binding to the fusion protein are 

10 described above. 

A fourteenth aspect of the present invention features 
a transgenic animal whose cells contain the vectors of the 
present invention. These cells include germ or somatic 
cells. Transgenic animal models can be used for 

15 understanding of molecular carcinogenesis and disease, 
assessing and exploring novel therapeutic avenues for 
effects by potential chemical and physical carcinogens and 
tumor promoters. 

An additional preferred embodiment provides for a 

20 transgenic animal containing a modified glucocorticoid 
receptor vector. By "transgenic animal" is meant an 
animal whose genome contains an additional copy or copies 
of the gene from the same species or it contains the gene 
or genes of another species, such as a gene encoding for 

25 a mutated glucocorticoid receptor introduced by genetic 
manipulation or cloning techniques, as described herein 
and as known in the art . The transgenic animal can 
include the resulting animal in which the vector has been 
inserted into the embryo from which the animal developed 

30 or any progeny of that animal. The term "progeny" as used 
herein includes direct progeny of the transgenic animal as 
well as any progeny of succeeding progeny. Thus, one 
skilled in the art will readily recognize that if two 
different transgenic animals have been made each utilizing 

35 a different gene or genes and they are mated, the 
possibility exists that some of the resulting progeny will 
contain two or more introduced genes. One skilled in the 
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art will readily recognize that by controlling the 
matings, transgenic animals containing multiple introduced 
genes can be made . 

Brief Description of the Drawings 
5 Figure 1 shows the mutagenesis and screening strategy 

used in the present experiments . 

Figure 2 illustrates the functional and structural 
characterization of the UP-1 mutant. 

Figure 3 shows a western analysis of the mutant human 
10 progesterone receptor. 

Figure 4 shows the transcriptional activity and 
hormone binding analysis of wild type and mutant human 
progesterone receptor constructs. 

Figure 5 shows the specificity of transcriptional 
15 activity of the mutant human progesterone receptor. 

Figure 6 depicts the transient transfection of mutant 
human progesterone human receptor into mammalian cells. 
Figure 7 depicts the GR-PR fusion constructs. 
Figure 8 depicts the Rat and Hun.an GR double point 
20 mutation constructs. 

Figure 9 illustrates the nucleic acid sequence 
encoding a plasmid pGR04 03R expressing a const itutively 
active mutant GR protein. 

Figure 10 depicts plasmid pGR0403R expressing a 
25 constitutively active mutant GR protein. 

Figure 11 illustrates the amoxmt of CAT protein 
produced in response to ligand binding to mutaint human and 
rat GR and the respective wild type receptors. 

Figure 12 is a schematic representation of the fusion 
30 protein with an activation transregulatory domain. 

Figure 13 is a schematic representation of the gene 
switch . 

The drawings are not necessarily to scale. Certain 
features of the invention may be exaggerated in scale or 
3 5 shown in schematic form in the interest of clarity and 
conciseness . 
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Detailed Description of the Invention 

The following are examples of the present invention 
using the mutated steroid receptors for gene therapy. It 
will be readily apparent to one skilled in the art that 
5 various substitutions and modifications may be made to the 
invention disclosed herein without departing from the 
scope and spirit of the invention. Thus, these examples 
are offered by way of illustration and are not intended to 
limit the invention in any manner, 

10 The following are specific examples of preferred 

embodiments of the present invention. These examples 
demonstrate how the molecular switch mechanisms of the 
present invention can be used in construction of various 
cellular or animal models and how such molecular switch 

15 mechanisms can be used to transactivate or transrepress 
the regulation of gene expression. The utility of the 
molecular switch molecules is noted herein and is ampli- 
fied upon in co-pending application by Vegeto, et al., 
entitled "Mutated Steroid Hormone Receptors, Methods for 

20 Their Use and Molecular Switch for Gene Therapy, " supra 
and related U.S. Patent by Vegeto, et al . , entitled 
"Progesterone Receptor Having C-Terminal Hormone Binding 
Domain Truncations," supra. Such sections (including 
drawings) are hereby specifically incorporated by refer- 

2 5 ence herein. 

Mutagenesis and Characterization of the Liaan d Binding 
Domain of Human Prog esterone Receptor 
Yeast Strain 

The Saccharomyces cerevlslae strain BJ3505 (MATof, 
30 pep4:HIS3, prbl-A1.6R, his3A200, lys2-801, trpl-AlOl, 
ura3-52, gal2, (CUPD) was used (Yeast Genetic Stock 
Center, Berkeley, CA) . All yeast transformations were 
carried out following the lithium acetate transformation 
protocol (I to, et al., J. Bacterlol. 153:163-168, 1983). 

3 5 The PCR reactions were carried out using YEphPR-B DNA 

template (a YEp5 2 AGSA- derived yeast expression plasmid 
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containing the cDNA of hPR form-B (Misrahi, et al . , 
Biochem, Bioph, Res, Cowm, 143:74.0-748, 1987) inserted 
downstream of the yeast methallothionein-CUPl promoter) 
and using three different sets of primers. In order to 
5 decrease the fidelity of the second strand polymerization 
reaction, buffer conditions of 1.5 mM MgClj, 0 . 1 mM dNTPs 
and pH 8.2 were used. About 2000 primary transf ormants 
were obtained from each region-specific library. 

Yeast Mutant Screening 

10 Colonies of each library of hPR molecules mutated in 

specific subregions were pooled, large amounts of DNA were 
prepared and used to transform yeast cells carrying the 
reporter plasmid YRpPC3GS+, which contains two GRE/PRE 
elements upstream of the CYCl promoter linked to the Lac-Z 

15 gene of E. coll (Mak, et al., J. Biol. Chem. 265:20085- 
20086, 1989). The transformed cells were plated on 1.5% 
agar plates containing 2% glucose, 0.5% casamino acids (5% 
stock solution of casamino acids is always autoclaved 
before use to destroy tryptophan), 6.7 g/1 yeast nitrogen 

20 base (without amino acids) and 100 CuS04 (CAA/Cu 

plates) and grown for 2 days at 3 0°C. These colonies were 
then replica-plated on CAA/Cu plates containing 0.16 g/1 
of 5-bromo-4-chloro-3-indolyl-iS-D-galactoside (X-Gal, an 
indicator of )S-galactosidase activity) with or without the 

25 hormones as indicated in Fig. 1 and allowed to grow for 
one day at 3 0^C, then two days at room temperature in the 
dark . 

Growth of Yeast Culture for In Vitro Assay 

Saccharomyces cerevisiae cells containing YEphPRB and 

30 the reporter plasmid were grown overnight at 3 0»C in 
minimal media containing 2% glucose. The cells were 
siibcultured in fresh medium and allowed to grow until 
early mid- log phase (O .D . 6oonm=l • 0) • Induction of receptor 
was initiated by the addition of 100 |iM copper sulfate to 

35 the culture. Cells were harvested by centrif ugation at 
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1,500 xg for 10 minutes and resuspended in the appropriate 
buffer. This and all subsequent steps of analysis of the 
yeast extracts were done at 4°C. 

Transcription Assay 
5 Yeast cells containing the reporter and expression 

plasmids were grown overnight as described above in 
Example 3 in the presence of 100 fiM copper sulfate. When 
the cell density reached O.D. 6oonm=l • 0 / hormones were added 
to the cultures. After a 4 hour incubation, yeast ex- 

10 tracts were prepared and assayed for iS-galactosidase 
activity as described previously (Miller, J". Miller 
ed. , 352-355, 1972) . 

Generally, reporters useful in the present invention 
are any which allow for appropriate measurement of tran- 

15 scription levels. Preferable reporter systems include 
reporter vectors comprised of the yeast iso-1- cytochrome 
C proximal promoter element fused to a structural gene, 
wherein said structural gene is selected from the group 
consisting of )3-galactosidase , galactokinase and URA3 . 

20 More preferably, the vector is comprised of an insertion 
site for a receptor response element. The vectors which 
include )0- galactokinase as an indicator of transcriptional 
activity are derived from the parent vector PC2 while the 
vectors which include galactokinase are derived from YCpRl 

25 vector- Preferably, the structural genes originate from 
E. coli. 

Western Immunoblottina 

Yeast cells were grown as discussed above for the 
transcription assay. Yeast extracts for Western blot 

3 0 analysis were prepared by resuspending the cell pellet in 
TEDG+salts. The cell suspension was mixed with an equal 
volume of glass beads and disrupted by vortexing in a 
microcentrifuge tube. The homogenate was centrifuged at 
12,000 X g for 10 minutes. The supernatant was collected 

35 and the protein concentration was estimated using bovine 
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serum albumin as standard. Yeast extracts were resolved 
on a 0.1% sodium dodecyl sulfate-7% polyacrylamide gel and 
transferred to Immobilon membrane as described previously 
(McDonnell, et al . , Mol , Cell. Biol. 9:3517-3523, 1989). 
5 Solid phase radioimmunoassay was performed using a mono- 
clonal antibody (JZB39) directed against the N-terminal 
domain of A and B forms of hPR. 

Hormone Binding Competition Assays 

Induction of PR synthesis was initiated by the addi- 

10 tion of 100 /xM CUSO4 to the culture and incubation was 
continued for 6 hours. The cell pellet was resuspended in 
TESH buffer containing 1 ^s/ml leupeptin, 10 /xg/ml PMSF 
and 10 fJig/ml pepstatin. The cell suspension was mixed 
with an equal volume of glass beads (0.5 mm; B. Braun 

15 Instruments) and disrupted by vortexing in a micro- 
centrifuge tube. The homogenate was centrifuged at 12,000 
X g for 10 minutes and the supernatant was further centri- 
fuged at 100,000 X g for 30 minutes to obtain a cytosol 
fraction. Diluted yeast extracts (200 /xl) containing 100 

2 0 /ig of total protein were incubated overnight at 4°C with 
[^H] ligand in the absence (total binding) or presence (non- 
specific binding) of a 100-fold excess of unlabelled 
ligand. Bound and free steroids were separated by addi- 
tion of 500 ^1 of dextran-coated charcoal suspension (0.5% 

25 Norit A, 0.05% dextran, 10 mM Tris HCl, pH 7.4 and 1 mM 
EDTA) . Specific binding was determined by subtracting 
nonspecific from total binding. Scatchard analysis was 
carried out as described previously by Mak, et al., J. 
Biol, Chem. 264:21613:21618 (1989). 

30 Site-directed Mutagenesis 

Mutants YEphPR-B879 and YEphPR-B89l were prepared 
following the procedure described by Dobson, et al . , J. 
Biol, Chem. 264:4207-4211 (1989), CJ236 cells were 
infected with mpPR90 (an M13 plasmid containing hPR cDNA) . 

35 The resulting uridine-containing single -stranded DNA was 
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annealed to 20-mer oligonucleotides containing a TGA stop 
codon corresponding to amino acids. 88 0 and 892, respec- 
tively. 

Construction of Mammalian Expression Vectors 
5 The mammalian expression vector phPR-B contains the 

SV4 0 enhancer sequence upstream of the human growth 
hormone promoter linked to the hPR-B cDNA. This vector 
was digested with Sail and EcoRl. The 6 . Ikb fragment 
(containing the vector sequences and the 5' -1.5 kb of the 
10 hPR) was gel-purified and ligated to the 2.1 kb fragment 
of YEphPR-B891 (containing the 3 '-end of the receptor), 
previously cut with Sail and EcoRl . The resulting plas- 
mid, phPR-B891, encodes a 42 amino acid truncated version 
of hPR form B. 

15 Mammalian Cell T ransient Transf ections and CAT-Assavs 

Five /xg of chloramphenicol acetyltransf erase (CAT) 
reporter plasmid, containing two copies of a PRE/GRE from 
the tyrosine amino transferase gene '.inked to the thymi- 
dine kinase promoter (PRETKCAT) , were used in transient 

20 cotransf ection experiments together with 5 /xg of wild type 
or mutant receptor DNAs. Transient cotransf ections and 
CAT-assays were performed as described by Tsai, et al . , 
Cell 57:443-448 (1989). 

Mutagenesis of the Hormone B inding Domain of hPR-B 
25 In order to characterize amino acids within the hPR 

HBD which are critical for ligand binding and hormone- 
dependent transactivation, libraries of mutated hPR 
molecules were created eind the mutants introduced into a 
reconstituted progesterone -responsive transcription system 
3 0 in yeast. This system allowed the screening of large 
numbers of mutant clones and the direct, visual identifi- 
cation of phenotypes. 

Unique restriction sites for Nael, Avrll and EcoNI 
were created in the cDNA of hPR, obtaining three cassettes 
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of 396, 209 and 400 nucleotides (regions 1, 2 and 3, 
respectively) . For PGR mutagenesis three sets of primers 
(16+7 for region 1, 5+4 for region 2 and 6+13 for 
region 3) were used in the polymerization reaction using 
5 YEphPR-B as DNA template. The fragments obtained after 
PGR were digested with the appropriate enzymes, gel- 
purified and ligated into the parental plasmid YEphPR-B. 
Ligation mixes were used to transform bacterial cells and 
to obtain libraries of hPR molecules randomly point - 

10 mutated in the HBD. 5 fxg of DNA were used from each 
library to transform yeast cells carrying the reporter 
plasmid yRpPC3GS+ and transf ormants were selected for 
tryptophan and uracil auxotrophy on CAA plates containing 
100 /iM CUSO4. These were then replicated on CAA plates 

15 containing the hormones. The screening for "up -mutations" 
allowed identification of receptor mutants with hormone- 
independent transcriptional activity, or increased affini- 
ty for the ligand (these clones should remain blue when 
grown with 100-fold less hormone) , or with an altered 

20 response to RU486 or a glucocorticoid analogue. In the 
"down-mutation" screening, receptor mutants that were 
transcriptionally inactive in the presence of the ligand 
were detected. 

Because of the nature of the method used to generate 

25 the mutated DNA templates, it was necessary, firstly, to 
determine the quality of the libraries obtained. This was 
assessed by estimating the number of null -mutations 
generated by mutagenesis. We estimated the frequency of 
occurrence of transcriptionally inactive receptors (white 

30 colonies) compared to the total number of colonies. This 
frequency was about 7% . 

The primary transf ormants were replica-plated onto 
plates containing the antiprogestin RU486. The wild type 
receptor is not activated by this hormone (Fig. 1) . Using 

35 this screening strategy, a single colony was identified 
that displayed considerable transcriptional activity in 
response to the antihormone. Interestingly, the same 
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colony did not display transcriptional activity when 
replica-plated in the presence of progesterone. The 
colony was purified and the phenotype was confirmed. 
Eviction of the expression vector from the clone, followed 
5 by reint reduction of the unmutated receptor, demonstrated 
that the phenotype was indeed related to the expression 
vector and was not the result of a secondary mutation. In 
addition, the mutated plasmid called UP-1, was rescued 
from yeast by passage through E,coll (as described in 
10 Ward, Nucl. Acids Res, 18:5319 (1990) and purified. This 
DNA was then reintroduced into yeast that contained only 
the reporter plasmid. As expected, the mutant phenotype 
was stable and related directly to the receptor expression 
plasmid. 

15 Characterization of the UP-1 Mutant 

The plate assays used to identify the receptor mutants 
are qualitative in nature. To further characterize the 
properties of UP-1, the activity of the receptor mutants 
was compared with that of the wild type receptor in a 

20 transcription assay. In this method, yeast cells trans- 
formed with either the wild type or the mutant receptor 
and a progesterone responsive reporter were grown over- 
night in the presence of lOO^M CUSO4. When the cells had 
reached an O.D.goonm of 1.0, they were supplemented with 

25 progesterone or RU486 and harvested by centrifugation 
after four hours. The iS-galactosidase activity in the cell 
cytosol was then measured. 

With reference to Figure 2, panel (A), when assayed 
with the wild type receptor, 1 /iM RU486 is a weak inducer 

30 of transcription, whereas progesterone caused a greater 
than 60 -fold induction of transcription at 1 ^M- However, 
this situation was reversed when the mutant was analyzed. 
In this case, RU4 86 was an extremely potent activator, 
whereas progesterone was ineffective. Interestingly, the 

35 activity achieved by the mutant in the presence of RU486 
was of the same order of magnitude as that of the wild 
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type assayed in the presence of progesterone. This 
reversal in specificity clearly* indicates that the 
mechanism by which these ligands interact with the 
receptor is basically different. 
5 Figure 2 shows the DNA and amino acid sequences of the 

wild type and mutant DNAs. The cytosine at position 263 6 
was missing in the mutant DNA, therefore, a shifted 
reading frame was created and a stop codon was generated 
36 nucleotides downstream of the C-2636 deletion. A 

10 schematic structure of the wild type and UP-1 receptors is 
also presented with a depiction of the 12 C-terminal amino 
acids unique to the mutant receptor. Conserved and 
structurally similar amino acids are marked by an apostro- 
phe and asterisk, respectively. 

15 DNA sequence analysis of UP-1 identified a single 

nucleotide deletion at base 2636 (Fig. 2B) . This mutation 
results in a shift of the reading frame which generates a 
stop codon 36 nucleotides downstream. As a result, the 
wild type receptor is truncated by 54 authentic amino 

20 acids and 12 novel amino acids are added at the C-termi- 
nus . 

Western Analysis of the Muta nt Human Progesterone Receptor 
Figure 3 shows a western analysis of mutant hPR. 
Yeast cells carrying the reporter plasmid and wild type 

25 (yhPR-B or mutant (UP-1) hPR were grown overnight in CAA 
medium with (lanes 3 to 5 and 7 to 9) or without (lanes 2 
and 6) 100 CuSO^ . 1 progesterone or 1 fiM RU486 were 
added as indicated and cells were grown for another 4 
hours. Yeast extracts were prepared as described above. 

30 50 fig of protein extract were run on a 0.1% SDS-7% poly- 
acrylamide gel. 50 fig of a T47D nuclear extract contain- 
ing the A and B forms of hPR were also loaded (lane 1) as 
a positive control. The positions of molecular weight 
markers are indicated. 

35 A Western immunoblot analysis of UP-1 and wild type 

receptors was performed in order to verify that the mutant 
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receptor was synthesized as predicted from its DNA se- 
quence and to eliminate the possibility that some major 
degradation products were responsible for the mutant 
phenotype. As shown in Fig. 3, the mutant receptor 
5 migrated faster in the gel, confirming the molecular 
weight predicted by DNA sequencing. The wild type recep- 
tor (yhPR-B) ran as a 114 )cDa protein, while the mutant 
receptor was 5kDa smaller (compare lanes 2 and 3 with 6 
and 7) . The addition of lOO^M CuSO^ to the cell cultures 

10 increased synthesis of both the wild type and mutant hPR 
to the same extent. No major degradation products were 
detected. In the presence of progesterone and RU486, 
yhPR-B bands were upshifted due to hormone - induced phos- 
phorylation of the receptor. In contrast, RU486 induced 

15 upshifting of wild type PR to a lesser extent .(lanes 4 and 
5) . For the UP-1 mutant this hormone -dependent upshifting 
was seen upon treatment with RU486 (lanes 8 and 9) . Thus, 
the C-terminus of PR may be responsible for the inactivity 
of RU486. Consequently, removal of this sequence would 

20 enable RU486 to become an agonist. 

Hormone Binding Analysis 

Figure 4 shows the transcriptional activity and 
hormone binding analysis of wild type and mutant hPR 
constructs. hPR constructs are reported to the left side 

25 together with a schematic representation of the receptor 
molecules. Yeast cells were grown in the presence of 100 
piM CUSO4, Transcriptional analysis was done as described 
above. Experiments were done in triplicate and transcrip- 
tional activities were normalized with respect to protein. 

3 0 Hormone binding assays were performed in the presence of 
20 nM [^H] progesterone or 20 nM [^H] RU486. 

A saturation binding analysis of the UP-l mutant 
receptor was performed in order to determine if its 
affinity for RU4 86 and progesterone was altered. 

35 Scatchard analysis of the binding data demonstrated that 
both the wild type and mutant receptors had a similar 
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affinity for RU486 of 4 and 3 nM, respectively. As seen 
in Figure 4 , the mutant receptor molecule had lost the 
ability to bind progesterone. Thus, the amino acid 
contacts for progesterone and RU486 with hPR are differ- 
5 ent . 

Generation of Deletion Mutants of hPR-B 

As shown in Fig, 2B, DNA sequencing revealed that the 
frameshift mutation in the UP-1 clone created a double 
mutation in the receptor protein. That is, a modified C- 

10 terminal amino acid sequence and a 42 amino acid trunca- 
tion. In order to identify which mutation was ultimately 
responsible for the observed phenotype, two new receptor 
mutants were constructed in vitro: yEphPR-B879, containing 
a stop codon corresponding to amino acid 88 0, and YEphPR- 

15 B891, containing a stop codon at amino acid 892. Hormone 
binding data (see Fig. 4) demonstrated that both of these 
truncated receptors couli bind RU486 but not progesterone. 
When examined in vivo, both mutant receptors activated 
transcription . in the presence of- RU4 86 to levels 

20 comparable to those of the mutant UP-l generated in yeast. 
As expected, both mutants were inactive in the presence of 
progesterone. Thus, the observed phenotype was not due to 
second site mutations in the UP-1 molecule. Also, 12 
additional amino acids, from 880 to 891, were not respon- 

25 sible for the mutant activity. In addition, it is clear 
the C-terminal 42 amino acids are required for progester- 
one to bind to the receptor while the last 54 amino acids 
are unnecessary for RU486 binding. Thus, the antagonist 
is contacting different amino acids in the native receptor 

3 0 molecule and may induce a distinct receptor conformation 
relative to agonists. 

In addition to the above deletion mutations, other 
deletions in the C-terminal amino acid sequence have 
provided binding activity with RU486 and not with 

35 progesterone. Such deletions include: (1) a 16 amino 
acid deletion leaving amino acids 1-917 of the 
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progesterone receptor; and (2) a 13 amino acid deletion 
leaving amino acids 1-920 of the .progesterone receptor. 
Use of the receptor binding region with TATA- CAT 
expression in transient transfection assays showed CAT 
5 expression with the 16 amino acid deletion, i.e., amino 
acids 640-917, and the 13 amino acid deletion, i.e., amino 
acids 640-920. 

Steroid Specificity for Activation of Transcription of the 
UP-1 Mutant 

10 Figure 5 shows the specificity of the transcriptional 

activity of the mutant hPR. In panel (A) , wild type and 
UP-1 mutant receptor transcriptional activities were 
assayed in the presence of different concentrations of 
progesterone, RU486, Org31806 and Org31376 as indicated. 

15 A transcription assay was performed using two synthet- 

ic antagonists, Org318 06 and Org31376, which are potent 
antiprogestins . As shown in Fig. 5A, the mutant receptor 
was activated by both of these compounds. The curve of 
the concentration- dependent activity was similar to that 

20 obtained with RU4 86, suggesting that the affinity of these 
two antagonists for the mutant receptor is similar, to that 
of RU486. When assayed with the wild type receptor, these 
compounds had minimal transcriptional activity and behaved 
like partial agonists (3-10% of progesterone activity) 

25 only at concentrations of 1 /iM, as does RU486. Thus, the 
inhibitory effect of the C- terminus of hPR extends to 
other receptor antagonists . 

In panel (B) , transcriptional activities of wild type 
and UP-1 mutant receptors were assayed in the presence of 

30 1 progesterone (P) , RU486 (RU) , R5020 (R) , dexametha- 
sone (D) , Cortisol ' (C) , estradiol (E) , tamoxifen (TX) or 
nafoxidine (N) (see Fig.SB) . The synthetic agonist R5020 
had no effect on the UP-1 mutant, suggesting that agon- 
ists, such as progesterone and R502 0, require the C- 

35 terminus of the native receptor for binding and conse- 
quently fail to recognize the tr\mcated UP-1 receptor. 
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Other steroids known to enter yeast cells, such as estra- 
diol, the antiestrogens tamoxifen and nafoxidine, dexa- 
methasone and Cortisol, might possibly activate the 
mutated receptor. All steroids tested were found to be 
5 inactive with either the wild type or mutant receptor. 
Thus, the activation of the mutant receptor is specific to 
antiprogestins . 

Transcriptional Activitv of Mutant Receptors in Mammalian 
Cells 

10 Figure 6 shows the transient transfection of mutant 

hPR into mammalian cells. In panel (A), HeLa cells were 
transiently transfected with phPR-B and pHPR-B891 recep- 
tors together with PRETKCAT receptor plasmid using the 
polybrene method of transfection as described (Tsai, et 

15 al. 1989) . Cells were grown with or without 100 nM 
progesterone or RU486 for 48 hours prior to harvesting. 
CAT assays were performed as described above. In panel 
(B) , CV-1 cells were transiently transfected as in (A) . 
with reference to Figure 6, mutant receptor activity 

20 was assayed in both human endometrial HeLa cells and 
monkey kidney CV-1 fibroblasts. A mutant, phPR-891, was 
constructed by replacing the full-length PR insert of 
phPR-B vector with the truncated PR cDNA of YEphPR-B891. 
The resulting receptor mutant, phPR-B891, is a 42 amino 

25 acid truncation of hPR-B form. Mutant 891 and wild type 
receptors were transfected into HeLa cells together with 
the PRETKCAT reporter plasmid, which contains two copies 
of a GRE/PRE element. 

As expected, wild type PR activated transcription of 

30 the CAT gene reporter in the presence of 10'''M progesterone 
(Fig. 6A) . Although basal transcription level was high, 
a 3- to 4 -fold induction of transcription was detected 
when progesterone was added to the media. In contrast, 
no induction occurred in the presence of RU486. The high 

35 basal level of transcription detected in these experiments 
may mask or alter an RU486 effect on wild type hPR. 
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On the other hand, an induction of CAT activity was 
observed when the 891 mutant was incubated in the presence 
of IC'^M RU486 (Fig. 6A) . The same concentration of 
progesterone had no activity. 
5 Cell -type specific factors can influence the activity 

of the transactivating domains of steroid receptors. In 
order to evaluate this possibility, wild type and mutant 
receptors were transfected into CV-1 cells. Similar 
results were obtained, i.e., progesterone activated the 
10 wild type receptor while RU486 activated 891 mutant 
receptor (Fig. SB) . 

The protein synthesized from phPR-B891 plasraid was of 
the correct molecular weight in mammalian cells. The 
mutant receptor was transfected into COSM6 cells . Western 
15 analysis on cell extracts showed that the 891 mutant was 
synthesized, as expected, as a protein of 109 kDa, which 
corresponds to a protein 42 amino acids shorter than the 
wild type hPR. Thus, RU486 acts as an agonist of the 
truncated B- receptor in a yeast reconstituted system and 
20 also in mammalian cells. The mechanism of transactivation 
does not require the C-terminal tail of the mutant recep- 
tor and is conserved between the three species tested. 

Construction, Characterization and Analysis of mutant 
Human GR-PR Fusion Protein Receptors 
Plasmid Construction 

A mutated human Progesterone Receptor was constructed 
and characterized as discussed above. Mutagenesis of the 
ligand binding domain of the human PR was carried out 
under the same procedures outlined above. 
Characterization of the mutant progesterone receptor 
identified a single nucleotide deletion at base 2636. 
This mutation resulted in a shift of the reading frame 
which generates a stop codon 36 nucleotides downstream. 
As a result, the wild type receptor is truncated by 54 
authentic amino acids and 12 novel amino acids are added 
at the c-terminus. The 42 amino acid truncation to the c- 
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terminus was capable of binding RU486 and characterized as 
discussed above. 

Plasmid DNA encoding the GR-PR fusion protein receptor 
and the wild type GR were constructed as follows. Each 
5 insertional mutant was digested with the restriction 
enzymes BamHl and Xhol, which flanked the 3' side of the 
SV40 polyadenylation signal. The resulting fragments were 
isolated from an agarose gel. The large fragment of the 
insertional mutant containing the amino- terminal coding 

10 portion of the GR, i.e./ the transregulatoary and DNA 
binding region, and the bulk of the plasmid were ligated 
with the small fragment of another insertional mutajit 
containing the carboxyl terminal coding sequence of the 
hPR deletion mutant prepared above. The resulting 

15 plasmids carrying the deletion in the hPR ligand binding 
domain were sequenced to ensure the integrity of the GR-PR 
mutant constructs . 

In addition, plasmid DNA encoding a mutated rat or 
human GR and the wild type rat or human GR were also 

20 constructed. The plasmids for rat pGR0385 (or prCSl.C) 
and its wild type pGR0384 were constructed using the above 
methods. Details regarding construction, mutation and 
characterization of the aUaove plasmid can be found in Lanz 
and Rusconi, Endocrinology 135:2183-2195 (1994), all of 

25 which is hereby incorporated by reference, including 
drawings. Characterization of the rat and human mutant GR 
identified a double point mutation in the ligand binding 
domain. In the rat construct, amino acids 770, 771, 
methohine and leucine, were substituted with alanine and 

30 alanine. Amino acids 780 and 781 were deleted. In the 
human constructs, amino acids 762 and 763 were deleted. 
Amino acids 752 and 753 were substituted with alanines. 
Both the substitution and deletion changes were at the 
carboxyl terminus portion of the rat or human GR ligand 

3 5 binding domain. The insertional mutant was digested with 
the restriction enzymes BamHl and Xhol, which flank the 
3 'side of the SV40 polyadenylation signal and the 
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resulting fragment was isolated from agarose gel. The 
large fragment of one insertional mutant containing the 
amino -terminal coding portion of the rat or human GR and 
the bulk of the plasmid were ligated with the small 
S fragment of another insertional mutant containing the 
carboxy- terminal coding sequences of the mutated ligand 
binding domain. The resulting plasmids carrying the 
deletion in the ligand binding domain were sequenced to 
ensure the integrity of the rat or human GR mutants. 

10 In addition, the above procedures were also used to 

construct plasmid DNA encoding a GR mutant with a 
constitutively active receptor, i.e., pGR0403R (Figures 9 
and 10) . The insertional mutant was digested with the 
appropriate restriction enzyme. The resulting fragments 

15 were isolated from agarose gel. The large fragment of the 
insertional mutant containing the amino- terminal coding 
portion of the GR, i.e., the transregulatory domains and 
DNA binding domains, ard the bulk of the plasmid were 
ligated with the small fragment of another insertional 

2 0 mutant containing the mutated GR ligand binding domain. 
The resulting plasmid was sequenced (Figure 9) to ensure 
integrity of the mutant construct . 

Cell Culture. Transfection and Assay of CAT and Lucif erase 
Activities 

25 CV-1 cells were maintained at 37 °C in Dulbecco 

modified Eagle medium containing 10% fetal bovine serum 
("FBS") in a humidified atmosphere containing 5% CO2. 
Cells were transfected using the commercially available 
cationic agent lipof ectamine . Briefly, DNA was mixed with 

30 the lipof ectamine reagent and added to cells. After 5 
hours, the DNA mix was removed and replaced with growth 
medium containing 10% FBS and cells were returned to an 
atmosphere containing 5% C02 , Eighteen hours later, cells 
were treated with steroids at various concentrations for 

35 approximately 24 hours, then harvested. 
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In this method, the CVl cells are transformed with 
either the wild- type receptor or the mutant receptor and 
a glucocorticoid responsive reporter construct. To 
measure transcriptional activation, a CAT reporter 
5 containing two synthetic GRE's and a TATA box was used. 
To measure transcriptional repression, two constructs were 
used. The first contains two copies of the binding site 
for the inflammation- inducible transcription factor AP-1, 
following by the thymidine kinase (tk) promoter, linked to 

10 CAT. The second contains ■ two copies of the binding site 
for the inflammation- inducible transcription factor NFr-B, 
followed by a TATA box, linked to the lucif erase gene. 
CAT expression was quantified using an ELISA assay 
following the manufacturer's recommended procedure. 

15 Luciferase activity was measured using a 
commercially-available luciferase assay following the 
manufacturer's recommended procedure. 

In vitro Transf ections Using CVl Cells 

The GR-PR fusion protein receptor and the mutant rat 

2 0 GR were tested for biological activity through in vitro 

transf ection into CVl cells. As controls vectors 
expressing the wild type human GR and the wild type rat GR 
were used. Results from these experiments demonstrate 
that the wild type human and wild type rat GR are 
25 transcriptionally activated in response to dexamethasone 
and minimally by RU486. In contrast, the mutant rat GR 
(CSl.CD) is transcriptionally activated by RU486 and not 
by dexamethasone. Similarly, the GR-PR fusion protein 
receptor is also activated by RU4 86 and not by 

3 0 dexamethasone. Figure 11 illustrates the amount of CAT 

protein produced in response to the particular ligand. 



In vitro Transcriptional Repression Studies 

The transcriptional repression mediated by the mutant 
rat GR and human GR-PR construct were examined. The 
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amount of CAT protein produced under the transcriptional 
control of synthetic activation elements was determined. 

Specifically two reporter were examined TRE2tkCAT, 
which contains AP-1 fused to the thymidine kinase promoter 
5 linked to CAT. The second reporter used was NFr-B-Iuc 
plasmid, which contains 2 NFx-B binding sites fused to 
lucif erase. These promoters contain inf lammation- 

inducible promoters, and were used to evaluate the ability 
of the wild-type and mutant GR constructs to repress 

10 transcription. 

Cells were transfected into CVl cells along with 
either the wild type rat or human GR or the mutant rat 
(CSl.CD) or human GR. Cells pretreated with dex or RU486 
to allow binding to the steroid receptor, were then 

15 stimulated with phorbol ester TPA to' activate AP-1 and NF^- 
B. Companion cells were not stimulated with TPA, and 
control cells also received neither dex nor RU486. 

The results demonstrate that RU4 86 treatment resulted 
in a decrease in the level of CAT protein and luciferase 

20 activity in CSI-CD transfected cells. Dex treatment had 
no effect on CAT levels or luciferase. This was not 
expected results since dex does not bind to the ligand 
binding domain of the mutant rat GR CSl.CD or human GR. 
In cells transfected with the wild type GR both dex and 

25 RU486 caused a decrease in the level of CAT protein and 
luciferase activity. Such results are not unexpected 
because the wild type GR binds both dex and RU4 86. 

RU48 6 acts through the mutated GR to repress 
transcription of API driven genes. Since AP-1 and NF^-B 

30 drive expression of pro-inf lammatory genes, and RU486 acts 
through mutant or represses transcription of the AP-1 and 
NF^-B driven genes, there was mediation of the anti- 
inf 1 ammat ion . 

Mutant GR Expression and Detection 
35 Three antibodies were obtaining and used to recognize 

recombinant partially purified GR in a Western blot 
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analysis. Studies were performed to detect wild type GR 
and mutant GR protein from transfected cells or GR from 
rat synovial tissue using the above antibodies. 

The antibodies also were able to detect human GR 
5 obtained from HeLa cell . extracts . Significant levels of 
GR were detected with as low as. 200ug of whole cell 
extract, Immunoreactivity was also detected with synovial 
tissue, and antibodies are being prepared to distinguish 
between wild type and mutant GR proteins. 

10 Transact ivat ion and Transrepression Studies 

In addition to the experiments above, the vector with 
NFk-B binding sites fused to the lucif erase gene, was 
injected into synovial joints in rats and treated with and 
without TNF-a. TNF-a is a cytokine which induces 

15 inflammation and promotes NFr-B binding to its appropriate 
DNA sequences. With the DNA construct, TNF-of treatment 
results in an increase in transcription of TNF-of and 
exogenously- introduced lucif erase gene. No lucif erase 
activity in synovial tissue is detected without plasmid 

20 transf ection. Also, there is no luciferase activity in 
synovial tissue injected with plasmid in the absence of 
TNF. A six- fold increase in the level of luciferase 
occurred when tissue was exposed to 0.1 or InM TNF. This 
serves as an easily detectable in vivo marker for wild- 

25 type or mutant GR function. 

Construction. Characterization a nd Analysis of 

Double Point Mutations in the Liaand Bindin g Domain of GR 

Mutagenesis of the liaand binding domain of human GR 

A plasmid was constructed containing the human GR cDNA 

3 0 with amino acids 752 and 753 changed to alanines and amino 
acids 762 and 763 deleted. This plasmid, pSTC-hGR-CSl/CD, 
was constructed as follows. The wild type glucocorticoid 
hormone receptor plasmid was digested with the restriction 
enzymes Nsil and Xbal, which flank the region to be 

3 5 mutated. The resulting fragments were isolated from 
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agarose gel. The smaller fragment was digested with the 
restriction enzymes EcoRI and Sspl, generating three 
fragments . The fragments were isolated from an agarose 
gel . 

5 A synthetic fragment was synthesized: 5'-AAT TCC CCG 

AGG CGG CAG CTG AAA TCA TCA CCA ATC AGA TCT-3' to replace 
the EcoRI -Sspl fragment. The larger plasmid fragment , the 
Nsil-EcoRI fragment, the Sspl-Xbal fragment and the 
synthetic EcoRI -Sspl fragment were ligated together. The 
10 resulting plasmid carries the substitution and deletion as 
described above . 

Characterization of GR Mutants in the Liaand Binding 
Domain 

To ensure the integrity of the mutation, the plasmid 
15 containing the mutant human GR was sequenced. Further 
experiments, as discussed above, were done to characterize 
the mutant human GR. Western analysis and hormone binding 
as discussed above were performed to ensure character of 
the constructs, e.g., cell expression of the protein and 
20 steroid specificity for activation or repression of 
transcription. 

Transcriptional Activity of the Mutant Receptors in 
Mammalian Cells 

LMTK' cells were maintained at 37®C in Bulbecco's 

25 modified Eagle's medium containing 10% fetal Bovine serum 
("PBS") in a humidified atmosphere containing 5% C02 . 
Cells were trans fected with the polybrene method described 
in Kawai et al . , Mol . Cell. Bio, 4:91-1172 (1984), hereby 
incorporated by reference, including drawings. After a 

30 25% glycerol shock in Hank's buffered saline solution 
("HBSS") , the cells were washed twice with HBSS and medium 
was added containing hormones or solvent . The cells were 
cultured for 48 hours. Extracts were made by freeze- 
thawing. CAT activity was assayed with 25 fig protein and 

35 an incubation time of 16 hours. CAT activity assayed as 
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described by Seed et al , , Gene 67:271 (1988), hereby 
incorporated by reference, including drawings. 

Construction. Characterization and Analysis of 
Constitutivelv Active Mutant GR 
5 Mutagenesis of the liaand binding domain of human GR 

Deletion of the steroid ligand binding domain was 
prepared as follows. This deletion removed a large 
portion of the of the carboxyl- terminal portion of the 
protein eliminating all steroid binding properties. Using 

10 the procedures discussed above, the pGR0403R plasmid 
(Figures 9 and 10) was constructed. This mutation gave 
rise to a constitutively active receptor. This mutant was 
able to activate transcription of the CAT reporter gene in 
the presence or absence of glucocorticoid hormone. In 

15 addition, this mutant is also able to repress 
transcription of the NF^-B-lucif erase construct. 

Characterization of GR Mutants in the Ligand Binding 
Domain 

To ensure the integrity of the mutation, the plasmid 
20 containing the mutant human GR, pGR0403R (Figure 10) was 
sequenced (Figure 9) . Further experiments, as discussed 
above, were done to characterize the mutant human GR. 
Western analysis and hormone binding as discussed above 
were performed to ensure character of the constructs, 
25 e.g., cell expression of the protein, lack of steroid 
specificity for activation or repression of trcoiscription 
and base level of gene expression as compared to 
constitutive expression. 

Transcriptional Activ;ity of the Mutant Receptor^ in 

30 M^rnm^Xir^n Q^lls 

The constitutively active mutant GR construct was 
prepared as discussed above . The receptor has no ligand 
binding domain and, when expressed in cells, represses 
transcription of AP-1 driven genes in the absence of dex 
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or RU486. In vitro testing shows that the constitutively 
active GR mutant when transfected constitutively activates 
promoters with glucocorticoid responsive elements and 
represses AP-1 containing promoters. 

5 Construction. Characterization and Analysis 

of Mutations in the DNA Binding or Trans regulatory 

Domains of GR 

Mutagenesis of the DNA Binding or Trans regulatory Domains 
of GR 

10 For obtaining transactivation activity without 

transrepression activity the following construct was 
made. The mutated ligand binding domain is mutated as 
described above. Procedure details from Lanz^ et al., 
Endocrinolo^ 135:2183-2195 (1994) are hereby incorporated 

15 by reference, including drawings. The mutated DNA binding 
domain is mutated by changing the serine at position 425 
to glycine, the leucine at position 436 to valine and the 
tyrosine and asparagine at positions 4 78 and 479 to 
leucine and glycine . 

2 0 For obtaining transrepression activity without 

transactivation, the following construct was made. The 
mutated ligand binding domain is mutated as described 
above . The mutated transregulatory domain is mutated by 
changing the alanine at position 458 to threonine, the 
25 asparagine and alanine at positions 454 and 458 to 
aspartic acid and threonine, respectively, and the 
arginine and aspartic acid at positions 460 and 562 to 
aspartic and cysteine, respectively. 

Characterization of GR Mutants in the DNA Binding or 

3 0 Transregulatory Domains 

To ensure the integrity of the mutation, the plasmids 
containing the mutant GR were sequenced. Further 
experiments, as discussed above, were done to characterize 
the mutant GR constructs. Western analysis and hormone 
35 binding as discussed above were performed to ensure 
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character of the constructs, e.g., protein expression in 
cells and steroid specificity for activation or repression 
of transcription. 

Transcript ional Act ivi tv of the Mutant Receptors in 

5 Mammalian Cells 

The above mutant GR constructs were prepared. The two 
different receptor constructs have either a mutated DNA 
binding domain or a mutated transregulatoary domain. When 
expressed in cells, the transrepression only construct 

10 with a DNA binding domain mutation represses transcription 
of AP-1 and NF^-B driven genes in the presence of dex or 
RU486. No activation of transcription was observed. In 
vitro testing shows that the GR mutant when transfected 
represses AP-1 and NFr-B containing promoters and does not 

15 activate the glucocorticoid responsive genes. 

As for the transact ivat ion only construct with a 
■ mutated transregulatc ry domain, activation of 
transcription was observed in the presence of various 
steroids. In the presence of dex or RU486 no 

20 transriepression of AP-1 or NF^-B driven genes was detected. 
In vitro testing shows that the GR mutant when transfected 
activates glucocorticoid responsive genes in response to 
ligand stimulation but no repression of AP-1 or NF^-B genes 
was observed. 

25 Chicken. Rat and Mammalian Progesterone Receptors 

Chicken, rat and mammalian progesterone receptors are 
readily available and function by binding to the same DNA 
regulatory sequence. Chicken and rat progesterone 
receptors, however, binds a different spectrum of ligands, 

3 0 possessing affinities different from those interacting 
with human progesterone receptor. Thus, the chicken and 
rat progesterone receptor can be used as a transgene 
regulator in humans. Further, it can be used to screen 
for specific ligands which activate chicken or rat 

3 5 progesterone receptor but not endogenous human 
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progesterone receptor. An example of a ligand is Sof- 
pregnane-3 , 20-dione (dihydroprogesterone) which binds 
extremely well to chicken and rat progesterone receptor 
but does not bind or binds very poorly to human 
5 progesterone receptor. 

Although the unmodified chicken or rat progesterone 
receptors are already endowed with a different spectrum of 
ligand binding affinities from the human or other mammals 
and can be used in its native form, it is important to try 

10 to select additional mutated progesterone receptor to 
create a more efficacious receptor- The differences in 
chicken, rat and human progesterone receptors are due to 
a few amino acid differences. Thus, other mutations could 
be artificially introduced. These mutations would enhance 

15 the receptor differences. Screening receptor mutations 
for ligand efficacy produces a variety of receptors in 
which alterations of affinity occur. The initial 
screening of progesterone mutants was carried out using 
intermediate levels of ligands. . One mutant had lost 

20 progesterone affinity entirely, but bound a synthetic 
ligand RU486 with nearly wild-type efficiency. RU486 is 
normally considered an antagonist of progesterone 
function, but had become an agonist when tested using this 
specific mutant. Because the ligand is synthetic, it does 

25 not represent a compoiind likely to be found in humans or 
animals to be treated with gene therapy. Although RU486 
works as an agonist in this case, it is not ideal because 
of its potential side effects as an anti-glucocorticoid. 
Further, it also binds to the wild-type human 

30 progesterone. Thus, it has the undesirable side effect of 
reproductive and endocrine disfunction. 

This approach is not limited to the progesterone 
receptor, since it is believed that all ligand activated 
transcription factors act through similar mechanisms. One 

35 skilled in the art recognizes that similar screening of 
other members of the steroid super family will provide a 
variety of molecular switches. For example, the compound 



wo 96/40911 



PCT/US96A)4324 



61 

1 , 25-dihydroxy-Vitamin D3 activates the Vitamin D receptor 
but the compound 24 , 25-dihydroxy-Vitamin D does not. 
Mutants of the Vitamin D receptor can be produced which 
are transcriptionally activated when bound to 24,25- 
5 dihydroxy- Vitamin D, but not by 1,25-Vitamin D3. 

One skilled in the art recognizes that the ligands are 
designed to be physiologically tolerated, easily cleared, 
non- toxic and have specific effects upon the transgene 
system rather than the entire organism. 

10 Transgenic Animals 

A modified glucocorticoid receptor can be used in the 
production of transgenic animals. A variety of procedures 
are known for making transgenic animals, including that 
described in Leder and Stewart, U.S. Patent No. 4,736,866 

15 issued April 12, 1988, and Palmiter and Bannister, Annual 
Review of Genetics, 20:465-499. For example, the mutated 
glixcocorticoid receptors described above can be combined 
with the nucleic acid cassette containing the recombinant 
gene to be expressed. For example, lactoferrin can be 

2 0 placed under the control of a basal promoter, such as 
thymidine kinase promoter with adjacent glucocorticoid 
responsive elements. This vector is introduced into the 
animal germ lines, along with the vector constitutively 
expressing the mutant glucocorticoid receptor. The two 

25 vectors can also be combined into one vector. The expres- 
sion of the recombinant gene in the transgenic suiimal is 
turned on or off by administering a pharmacological dose 
of RU 38486 to the transgenic animal. This hormone serves 
to specifically activate transcription of the transgene. 

30 The dose can be adjusted to regulate the level of expres- 
sion. One skilled in the art will readily recognize that 
this protocol can be used for a variety of genes and, 
thus, it is useful in the regulation of temporal expres- 
sion of any given gene product in transgenic animals. 
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Methoda of Use 
Cell Transformation 

One embodiment of the present invention includes cells 
transformed with nucleic acid encoding for the mutated 
5 receptor. Once the cells are transformed, the cells will 
express the protein, polypeptide, or RNA encoded for by 
the nucleic acid. Cells include but are not limited to 
joints, lungs, muscle and skin. This is not intended to 
be limiting in any manner. 

10 The nucleic acid which contains the genetic material 

of interest is positionally and sequentially oriented 
within the host or vectors such that the nucleic acid can 
be transcribed into RNA and, when necessary, be translated 
into proteins or polypeptides in the transformed cells. 

15 A variety of mutated glucocorticoid proteins and 
polypeptides can be expressed by the sequence in the 
nucleic acid cassette in the transformed cells. 

Transformation can be done either by In vivo or ex 
vivo techniques. One skilled in the art will be familiar 

20 with such techniques for transformation. Transformation 
by ex vivo techniques includes co-transf ecting the cells 
with DNA containing a selectable marker. This selectable 
marker is used to select those cells which have become 
transformed. Selectable markers are well known to those 

25 who are skilled in the art . 

For example, one approach to gene therapy for muscle 
diseases is to remove myoblasts from an affected indi- 
vidual, genetically alter them in vitro, and reimplant 
them into a receptive locus. The ex vivo approach in- 

30 eludes the steps of harvesting myoblasts cultivating the 
myoblasts, transducing or transf ecting the myoblasts, and 
introducing the transfected myoblasts into the affected 
individual , 

The myoblasts may be obtained in a variety of ways. 
35 They may be taken from the individual who is to be later 
injected with the myoblasts that have been transformed or 
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they can be collected from other sources, transformed and 
then injected into the individual of interest. 

Once the ex vivo myoblasts are collected, they may be 
transformed by contacting the myoblasts with media con- 
5 taining the nucleic acid transporter and maintaining the 
cultured myoblasts in the media for sufficient time and 
under conditions appropriate for uptake and transformation 
of the myoblasts. The myoblasts may then be introduced 
into an appropriate location by injection of cell 

10 suspensions into tissues. One skilled in the art will 
recognize that the cell suspension may contain: salts, 
buffers or nutrients to maintain viability of the cells ; 
proteins to ensure cell stability; and factors to promote 
angiogenesis and growth of the implanted cells. 

15 In an alternative method, harvested myoblasts may be 

grown ex vivo on a matrix consisting of plastics, fibers 
or gelatinous materials which may be surgically implanted 
in an appropriate location after transduction. This 
matrix may be impregnated with factors to promote 

20 angiogenesis and growth of the implanted cells. Cells can 
then be reimplanted. 

Administration 

Administration as used herein refers to the route of 
introduction of a vector or carrier of DNA into the body. 
25 Administration may include intravenous, intramuscular, 
topical, or oral methods of delivery. Administration can 
be directly to a target tissue or through systemic 
delivery. 

In particular, the present invention can be used for 
30 treating disease or for administering the formulated DNA 
expression vectors capable of expressing any specific 
nucleic acid sequence . Administration can also include 
administering a regulatable vector discussed cQDOve. Such 
administration of a vector can be used to treat disease. 
3 5 The preferred embodiment is by direct injection to the 
target tissue or systemic administration. 
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A second critical step is the delivery of the DNA 
vector to the nucleus of the target cell where it can 
express a gene product . In the present invention this is 
accomplished by formulation- The formulation can consist 
5 of purified DNA vectors or DNA vectors associated with 
other formulation elements such as lipids, proteins, 
carbohydrates, synthetic organic or inorganic compounds. 
Examples of such formulation elements include, but are not 
limited to, lipids capable of forming liposomes, cationic 

10 lipids, hydrophilic polymers, polycations (e.g., 
protamine, polybrene, spermidine, poly lysine) , peptide or 
synthetic ligands recognizing receptors on the surface of 
the target cells, peptide or synthetic ligands capable of 
inducing endosomal lysis, peptide or synthetic ligands 

15 capable of targeting materials to the nucleus, gels, slow 
release matrices, soluble or insoluble particles, as well 
as other formulation elements not listed. This includes 
formulation elements for enhancing the delivery, uptake, 
stability, and/or expression of genetic material into 

20 cells. 

The delivery and formulation of any selected vector 
construct will depend on the particular use for the 
expression vectors. In general, a specific formulation 
for each vector construct used will focus on vector uptake 

25 with regard to the particular targeted tissue, followed by 
demonstration of efficacy. Uptake studies will include 
uptake assays to evaluate cellular uptake of the vectors 
and expression of the tissue specific DNA of choice. Such 
assays will also determine the localization of the target 

30 DNA after uptake, and establishing the requirements for 
maintenance of steady-state concentrations of expressed 
protein. Efficacy and cytotoxicity can then be tested. 
Toxicity will not only include cell viability but also 
cell function. 

35 DNA uptake by cells associated with fluid spaces have 

the unique ability to take up DNA from the extracellular 
space after simple injection of purified DNA preparations 
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into the fluid spaces. Expression of DNA by this method 
can be sustained for several months.* 

Incorporating DNA by formulation into particulate 
complexes of nanometer size that undergo endocytosis 
5 increases the range of cell types that will take up 
foreign genes from the extracellular space. 

Formulation can also involve DNA transporters which 
are capable of forming a non-covalent complex with DNA and 
directing the transport of the DNA through the cell mem- 

10 brane. This may involve the sequence of steps including 
endocytosis and enhanced endosomal release. It is 
preferable that the transporter also transport the DNA 
through the nuclear membrane. See, e.g., the following 
applications all of which (including drawings) are hereby 

15 incorporated by reference herein: (1) Woo et al., U.S. 
Serial No. 07/855,389, entitled "A DNA Transporter System 
and Method of Use" filed March 20, 1992; (2) Woo et al., 
PCT/US93/02725, entitled "A DNA Transporter System and 
method of Use", (designating the U.S. and other countries) 

20 filed March 19, 1993; and (3) continuation-in-part appli- 
cation by Woo et al . , entitled "Nucleic Acid Transporter 
Systems and Methods of Use", filed December 14, 1993, 
assigned attorney docket number 205/012 but not yet 
assigned a U.S. Serial Number. 

25 In addition, delivery can be cell specific or tissue 

specific by including cell or tissue specific promoters. 
Furthermore, mRNA stabilizing sequences (3' UTR's) can be 
used to provide stabilized modified receptor molecules. 
Such stabilizing sequences increase the half-life of mRNAs 

30 and can be cell or tissue specific. The above is 
discussed in more detail in U.S. Patent 5,298,422 
(Schwartz et al . ) and U.S. Application Serial Number 
08/209,846 (Schwartz et al.), filed March 9, 1994, 
entitled "Expression Vector Systems and Method of Use." 

35 Both of these, the whole of which, are incorporated by 
reference herein, including drawings. 
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In a preferred method of administration involving a 
DNA transporter system, the DNA transporter system has a 
DNA binding complex with a binding molecule capable of 
non-covalently binding to DNA which is covalently linked 
5 to a surface ligand. The surface ligand is capable of 
binding to a cell surface receptor and stimulating entry 
into the cell by endocytosis, pinocytosis, or potocytosis. 
In addition, a second DNA binding complex is capable of 
non-covalently binding to DNA and is covalently linked to 

10 a nuclear ligand. The nuclear ligand is capable of 
recognizing and transporting a transporter system through 
a nuclear membrane. Additionally, a third DNA binding 
complex may be used which is also capable of non- 
covalently binding to DNA. The third binding molecule is 

15 covalently linked to an element that induces endosomal 
lysis or enhanced release of the complex from the endosome 
after endocytosis. The binding molecules can be spermine, 
spermine derivatives, histones, cat ionic peptides and/or 
polylysine. See also Szoka, C.F., Jr. et al., Bioconjug. 

20 Chem. 4:85-93 (1993); Szoka, F.C., Jr. et al . , P.N.A.S., 
90:893-897 (1993) . 

Transfer of genes directly has been very effective. 
Experiments show that administration by direct injection 
of DNA into joint tissue results in expression of the 

25 gene in the area of injection. Injection of plasmids 
containing the mutated receptors into the spaces of the 
joints results in expression of the gene for prolonged 
periods of time. The injected DNA appears to persist in 
an unintegrated extrachromosomal state. This means of 

30 transfer is the preferred embodiment. 

The formulation used for delivery may also be by 
liposomes or cationic lipids. Liposomes are hollow 
spherical vesicles composed of lipids arranged in a 
similar fashion as those lipids which make up the cell 

3 5 membrane. They have an internal aqueous space for 
entrapping water soluble compounds and range in size from 
0.05 to several microns in diameter. Several studies have 
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shovm that liposomes can deliver nucleic acids to cells 
and that the nucleic acid remains biologically active. 
Cationic lipid formulations such as formulations incorpor- 
ating DOTMA has been shown to deliver DNA expression 
5 vectors to cells yielding production of the corresponding 
protein. Lipid formulations may be non-toxic and biode- 
gradable in composition. They display long circulation 
half -lives and recognition molecules can be readily 
attached to their surface for targeting to tissues. 

10 Finally, cost effective manufacture of liposome -based 
pharmaceuticals, either in a liquid suspension or 
lyophilized product, has demonstrated the viability of 
this technology as an acceptable drug delivery system. 
See Szoka, F.C., Jr. et al., Pharm. Res., 7:824-834 

15 (1990); Szoka, F.C., Jr. et al . , Pharm. Res., 9:1235-1242 
(1992) . 

The chosen method of delivery should result in nuclear 
or cytoplasmic accumulation and optimal dosing. The 
dosage will depend upon the disease and the route of 

20 administration but should be between 1-1000 fig/'kg of body 
weight. This level is readily determinable by stsuidard 
methods. It could be more or less depending on the opti- 
mal dosing. The duration of treatment will extend through 
the course of the disease symptoms, possibly continuously. 

25 The number of doses will depend upon disease, the 
formulation and efficacy data from clinical trials. 

With respect to vectors, the pharmacological dose of 
a vector and the level of gene expression in the appro- 
priate cell type includes but is not limited to sufficient 

30 protein or RNA to either: (1) increase the level of 
protein production; (2) decrease or stop the production of 
a protein; (3) inhibit the action of a protein; (4) 
inhibit proliferation or accumulation of specific cell 
types; and (5) induce proliferation or accumulation of 

35 specific cell types. As an example, if a protein is being 
produced which causes the accumulation of inflammatory 
cells within the joint, the expression of this protein can 
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be inhibited, or the action of this protein can be 
interfered with, altered, or changed. 

Persistent Expression Using Episomal Vectors 

In each of the foregoing examples, transient expres- 
5 sion of recombinant genes induces the desired biological 
response. In some diseases more persistent expression of 
recombinant genes is desirable. This is achieved by 
adding elements which enable extrachromosomal (episomal) 
replication of DNA to the structure of the vector. 

10 Vectors capable of episomal replication are maintained as 
extrachromosomal molecules and can replicate. These 
sequences will not be eliminated by simple degradation but 
will continue to be copied. Episomal vectors provide 
prolonged or persistent expression, though not necessarily 

15 stable or permanent, expression of recombinant genes in 
the joint. Persistent as opposed to stable expression is 
desirable to enable adjustments in the pharmacological 
dose of the recombinant gene product as the disease 
evolves over time. 

20 Formulations for Gene Delivery into Cells of the Joint 

Initial experiments used DNA in formulations for gene 
transfer into cells of the joint. This DNA is taken up by 
synovial cells during the process of these cells continu- 
ally resorbing and remodeling the synovial fluid by 

25 secretion and pinocytosis. Gene delivery is enhanced by 
packaging DNA into particles using cat ionic lipids, 
hydrophilic (cat ionic) polymers, or DNA vectors condensed 
with polycations which enhance the entry of DNA vectors 
into contacted cells. Formulations may further enhance 

30 entry of DNA vectors into the body of the cell by incor- 
porating elements capable of enhancing endosomal release 
such as certain surface proteins from adenovirus, influen- 
za virus hemagglutinin, synthetic GALA peptide, or 
bacterial toxins . Formulations may further enhance entry 

3 5 of DNA vectors into the cell by incorporating elements 
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capable of binding to receptors on the surface of cells in 
the joint and enhancing uptake and expression. 
Alternatively, particulate DNA complexed with polycations 
can be efficient substrates for phagocytosis by monocytes 
5 or other inflammatory cells. Furthermore, particles 
containing DNA vectors which are capable of extravasating 
into the inflamed joint can be used for gene transfer into 
the cells of the joint. One skilled in the art will 
recognize that the above formulations can also be used 
10 with other tissues as well. 

Induction of "Steroid Response" by Gene Transfer of 
Steroid Receptors into Cells of the Joint 

Current therapy for severe arthritis involves the 
administration of pharmacological agents including 

15 steroids to depress the inflammatory response. Steroids 
can be administered systemically or locally by direct 
injection into the joint space. 

Steroids normally function by. binding to receptors 
within the cytoplasm of cells. Formation of the steroid- 

20 receptor complex changes the structure of the receptor so 
that it becomes capable of translocating to the nucleus 
and binding to specific sequences within the genome of the 
cell and altering the expression of specific genes. 
Genetic modifications of the steroid receptor can be made 

25 which enable this receptor to bind non-natural steroids. 
Other modifications can be made to create a mutated 
steroid receptor which is " const i tut ively active" meaning 
that it is capable of binding to DNA and regulating gene 
expression in the absence of steroid in the same way that 

3 0 the natural steroid receptor regulates gene expression 
after treatment with natural or synthetic steroids. 

Of particular importance is the effect of 
glucocorticoid steroids such as cortisone, hydrocortisone, 
prednisone, or dexamethasone which are effective drugs 

35 available for the treatment of arthritis. One approach to 
treating arthritis is to introduce a vector in which the 
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nucleic acid cassette expresses a genetically modified 
steroid receptor into cells of the joint, e.g., a 
genetically modified steroid receptor which mimics the 
effect of glucocorticoid but does not require the presence 
5 of glucocorticoid for effect. This is achieved by 
expression of a fusion receptor protein discussed above or 
other mutated glucocorticoid receptors such as ones which 
are constitutively active within cells of the joint. This 
induces the therapeutic effects of steroids without the 

10 systemic toxicity of these drugs. 

Alternatively, construction of a steroid receptor 
which is activated by a novel, normally- inert steroid 
enables the use of drugs which would affect only cells 
taking up this receptor. These strategies obtain a 

15 therapeutic effect from steroids on arthritis without the 
profound systemic complications associated with these 
drugs . Of particular importance is the ability to target 
these genes differentially to specific cell types (for 
example synovial cells versus lymphocytes) to affect the 

20 activity of these cells. 

The steroid receptor family of gene regulatory 
proteins is an ideal set of such molecules. These 
proteins are ligsind activated transcription factors whose 
ligands can range from steroids to retinoic acid, fatty 

25 acids, vitamins, thyroid hormones and other presently 
unidentified small molecules. These compounds bind to 
receptors and either activate or repress transcription. 

The preferred receptor of the present invention is 
modification of the glucocorticoid receptor, i.e., the 

30 fusion protein receptor. These receptors can be modified 
to allow them to bind various ligands whose structure 
differs from naturally occurring ligands. For example, 
small C-terminal alterations in amino acid sequence, 
including truncation, result in altered affinity of ligand 

35 binding to the progesterone receptor. By screening 
receptor mutants, receptors can be customized to respond 



0 
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to ligands which do not activate the host cell endogenous 
receptors . 

A person having ordinary skill in the art will 
recognize, however / that various mutations, for example, 
5 a shorter deletion of carboxy terminal amino acids, will 
be necessary to create useful mutants of certain steroid 
hormone receptor proteins . Steroid hormone receptors 
which may be mutated are any of those receptors which 
comprise the steroid hormone receptor superfamily, such as 
10 receptors including the estrogen, progesterone, 
glucocort icoid-a, glucocort icoid-)S , mineral corticoid, 
androgen, thyroid hormone, retinoic acid, and Vitamin D3 
receptors . 

Direct DNA Delivery to Muscle 

15 Diseases that result in abnormal muscle development, 

due to many different reasons can be treated using the 
above modified glucocorticoid receptors. These diseases 
can be treated by using the direct delivery of genes 
encoding for the mutated glucocorticoid receptor of the 

20 present invention resulting in the production of mutated 
receptor gene product . Genes which can be repressed or 
activated have been outlined in detail above. 

Direct DNA Delivery to the Lunas 

Current therapy for severe asthma involves the 

25 administration of pharmacological agents including 
steroids to inhibit the asthma response- Steroids can be 
administered systemically or locally by direct 
instillation or delivery into the lungs. 

Of particular importance is the effect of 

3 0 glucocorticoid steroids such as cortisone, hydrocortisone, 
prednisone, or dexamethasone which are the most important- 
effective drugs available for the treatment of asthma. 
One approach to treating asthma is to introduce a vector 
in which the nucleic acid cassette expresses a genetically 

35 modified steroid receptor into cells of the lungs, e.g.. 
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a genetically modified steroid receptor which mimics the 
effect of glucocorticoid but does not require the presence 
of glucocorticoid for effect. This is achieved by 
expression of the fusion proteins discussed above or other 
5 mutated glucocorticoid receptors such as ones which are 
constitutively active within cells of the lungs. This 
induces the therapeutic effects of steroids without the 
systemic toxicity of these drugs. 

Alternatively, construction of a steroid receptor 

10 which is activated by a novel, normally- inert steroid 
enables the use of drugs which would affect only cells 
taking up this receptor. These strategies obtain a 
therapeutic effect from steroids on asthma without the 
profound systemic complications associated with these 

15 drugs. Of particular importance is the ability to target 
these genes differentially to specific cell types (for 
example alveoli of the lungs) to affect the activity of 
these cells. 

The steroid receptor family of gene regulatory 

20 proteins is an ideal set of such molecules. These 
proteins are ligand- activated transcription factors whose 
ligands can range from steroids to retinoids, fatty acids, 
vitamins, thyroid hormones, and other presently 
unidentified small molecules. These compounds bind to 

25 receptors and either up-regulate or down-regulate 
transcription. 

The preferred receptor of the present invention is the 
modified glucocorticoid receptor. These receptors can be 
modified to allow them to bind various ligands whose 

30 structure differs from naturally occurring ligands. For 
example, small C- terminal alterations in amino acid 
sequence, including truncation, result in altered affinity 
of the ligand and altered function. By screening receptor 
mutants, receptors can be customized to respond to ligands 

35 which do not activate the host cells own receptors. 

A person having ordinary skill in the art will 
recognize, however, that various mutations, for example. 
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a shorter deletion of carboxy terminal amino acids, will 
be necessary to create useful mutants of certain steroid 
hormone receptor proteins. Steroid hormone receptors 
which may be mutated are any of those receptors which 
5 comprise the steroid hormone receptor superf amily, such as 
receptors including the estrogen, progesterone, 
glucocorticoid-a, glucocorticoid-iS, mineral corticoid, 
androgen, thyroid hormone, retinoic acid, and Vitamin D3 
receptors . 

10 Mutated Glucocorticoid Receptors as Gene Switch 

In addition to the above methods, the mutated 
glucocorticoid receptors can be used as gene switches as 
described in U.S. Serial No. 07/939,246, by Vegeto et al., 
filed September 2, 1992, entitled "Mutated Steroid Hormone 

15 Receptors, Methods for Their Use and Molecular Switch for 
Gene Therapy," the whole of which (including drawings) is 
hereby incorporated by reference. The above constructs of 
the present invention can be used to express a co- 
transf ected target therapeutic gene using a glucocorticoid 

20 response element ("GRE") containing promoter. The GRE 
promoter will drive, activate or transactivate expression 
of the therapeutic gene upon activation of the ligand 
binding domain of the constructs of the present invention. 
The therapeutic protein can be a secreted protein, e.g., 

25 an ant i- inflammatory cytokine. Such methods allow more 
global effect on the transf ected tissue. . 

One skilled in the art would readily appreciate that 
the present invention is well adapted to carry out the 
objects cuid obtain the ends and advantages mentioned, as 

30 well as those inherent therein. The mutated steroid 
receptors along with the methods, procedures, treatments, 
molecules, specific compounds described herein are 
presently representative of preferred embodiments are 
exemplary and are not intended as limitations on the scope 

35 of the invention. Changes therein and other uses will 
occur to those skilled in the art which are encompassed 
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within the spirit of the invention are defined by the 
scope of the claims. 

It will be readily apparent to one skilled in the art 
that varying substitutions and modifications may be made 
5 to the invention disclosed herein without departing from 
the scope and spirit of the invention. 

All patents and publications mentioned in the speci- 
fication are indicative of the levels of those skilled in 
the art to which the invention pertains. All patents and 
10 publications are herein incorporated by reference to the 
same extent as if each individual publication was specif 
ically and individually indicated to be incorporated by 
reference . 
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CTAGAGTCGA CCTGCAGCCC AAGCTCTCGA GGGATCCTGA GAACTTCAGG 50 

20 GTGAGTTTGG GGACCCTTGA TTGTTCTTTC TTTTTCGCTA TTGTAAAATT 100 

CATGTTATAT GGAGGGGGCA AGTTTTCAGG GTGTTGTTTA GAATGGGAAG 150 

ATGTCCCTTG TATCACCATG GACCCTCATG ATAATTTTGT TTCTTTCACT 200 

TTCTACTCTG TTGACAACCA TTGTCTCCTC TTATTTTCTT TTCATTTTCT 250 

GTAACTTTTT CGTTAAACTT TAGCTTGCAT TTGTAACGAA TTTTTAAATT 300 

25 CACTTTTGTT TATTTGTCAG ATTGTAAGTA CTTTCTCTAA TCACTTTTTT 350 

TTCAAGGCAA TCAGGGTATA TTATATTGTA CTTCAGCACA GTTTTAGAGA 400 

ACAATTGTTA TAATTAAATG ATAAGGTAGA ATATTTCTGC ATATAAATTC 450 

TGGCTGGCGT GGAAATATTC TTATTGGTAG AAACAACTAC ATCCTGGTCA 500 

TCATCCTGCC TTTCTCTTTA TGGTTACAAT GATATACACT GTTTGAGATG 550 

3 0 AGGATAAAAT ACTCTGAGTC CAAACCGGGC CCCTCTGCTA ACCATGTTCA 600 

TGCCTT C TTC TTTTTCCTAC AGCTCCTGGG CAACGTGCTG GTTGTTGTGC 650 

TGTCTCATCA TTTTGGCAAA GAATTCACTC CTCAGGTGCA GGCTGCCTAT 700 

CAGAAGGTGG TGGCTGGTGT GGCCAATGCC CTGGCTCACA AATACCACTG 750 

AGATCTTTTT CCCTCTGCCA AAAATTATGG GGACATCATG AAGCCCCTTG 800 

35 AGCATCTGAC TTCTGGCTAA TAAAGGAAAT TTATTTTCAT TGCAATAGTG 850 

TGTTGGAATT TTTTGTGTCT CTCACTCGGA AGGACATATG GGAGGGCAAA 900 

TCATTTAAAA CATCAGAATG AGTATTTGGT TTAGAGTTTG GCAACATATG 950 

CCATATGCTG GCTGCCATGA ACAAAGGTGG CTATAAAGAG GTCATCAGTA 1000 

TATGAAACAG CCCCCTGCTG TCCATTCCTT ATTCCATAGA AAAGCCTTGA 1050 

4 0 CTTGAGGTTA GATTTTTTTT ATATTTTGTT TTGTGTTATT TTTTTCTTTA 1100 

ACATCCCTAA AATTTTCCTT ACATGTTTTA CTAGCCAGAT TTTTCCTCCT 1150 ' 
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CTCCTGACTA CTCCCAGTCA 
GAGCTTTTTG CAAAAGCCTA 
GGAATAGCTC AGAGGCCGAG 
ATTAGTCAGC CATGGGGCGG 
5 CGGGATGGGC GGAGTTAGGG 
TGCATTAATG AATCGGCCAA 
CGCTCTTCCG CTTCCTCGCT 
GCGGCGAGCG GTATCAGCTC 
AATCAGGGGA TAACGCAGGA 

10 GCCAGGAACC GTAAAAAGGC 
CCCCCCTGAC GAGCATCACA 
ACCCGACAGG ACTATAAAGA 
GTGCGCTCTC CTGTTCCGAC 
TCTCCCTTCG GGAAGCGTGG 

15 TCAGTTCGGT GTAGGTCGTT 
CCCGTTCAGC CCGACCGCTG 
CAACCCGGTA AGACACGACT 
GGATTAGCAG AGCGAGGTAT 
TGGCCTAACT ACGGCTACAC 

20 GCTGAAGCCA GTTACCTTCG 
AACAAACCAC CGCTGGTAGC 
ACGCGCAGAA AAAAAGGATC 
GTCTGACGCT CAGTGGAACG 
GATTATCAAA AAGGATCTTC 

25 TTTAAATCAA TCTAAAGTAT 
ATGCTTAATC AGTGAGGCAC 
CCATAGTTGC CTGACTCCCC 
TTACCATCTG GCCCCAGTGC 
GGCTCCAGAT TTATCAGCAA 

3 0 GAAGTGGTCC TGCAACTTTA 

CGGGAAGCTA GAGTAAGTAG 
TGCCATTGCT ACAGGCATCG 
CATTCAGCTC CGGTTCCCAA 
TTGTGCAAAA AAGCGGTTAG 
35 TAAGTTGGCC GCAGTGTTAT 
CTCTTACTGT CATGCCATCC 
TCAACCAAGT CATTCTGAGA 
CCCGGCGTCA ATACGGGATA 
TGCTCATCAT TGGAAAACGT 

4 0 CCGCTGTTGA GATCCAGTTC 

TTCAGCATCT TTTACTTTCA 
GGCAAAATGC CGCAAAAAAG 
CTCATACTCT TCCTTTTTCA 
TCTCATGAGC GGATACATAT 
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TAGCTGTCCC TCTTCTCTTA 
GGCCTCCAAA AAAGCCTCCT. 
GCGGCCTCGG CCTCTGCATA 
AGAATGGGCG GAACTGGGCG 
GCGGGACTAT GGTTGCTOAC 
CGCGCGGGGA GAGGCGGTTT 
CACTGACTCG CTGCGCTCGG 
ACTCAAAGGC GGTAATACGG 
AAGAACATGT GAGCAAAAGG 
CGCGTTGCTG GCGTTTTTCC 
AAAATCGACG CTCAAGTCAG 
TACCAGGCGT TTCCCCCTGG 
CCTGCCGCTT ACCGGATACC 
CGCTTTCTCA ATGCTCACGC 
CGCTCCAAGC TGGGCTGTGT 
CGCCTTATCC GGTAACTATC 
TATCGCCACT GGCAGCAGCC 
GTAGGCGGTQ CTACAGAGTT 
TAGAAGGACA GTATTTGGTA 
GAAAAAGAGT TGGTAGCTCT 
GGTGGTTTTT TTGTTTGCAA 
TCAAGAAGAT CCTTTGATCT 
AAAACTCACG TTAAGGGATT 
ACCTAGATCC TTTTAAATTA 
ATATGAGTAA ACTTGGTCTG 
CTATCTCAGC GATCTGTCTA 
GTCQTGTAGA TAACTAC6AT 
TGCAATGATA CCGCGAGACC 
TAAACCAGCC AGCCGGAAGG 
TCCGCCTCCA TCCAGTCTAT 
TTCGCCAGTT AATAGTTTGC 
TGGTGTCACG CTCGTCGTTT 
CGATCAAGGC GAGTTACATG 
CTCCTTCGGT CCTCCGATCG 
CACTCAT6GT TATGGCAGCA 
GTAAGATGCT TTTCTGTGAC 
ATAGTGTATG CGGCGACCGA 
ATACCGCGCC ACATAGCAGA 
TCTTCGGGGC GAAAACTCTC 
GATGTAACCC ACTCGTGCAC 
CCAGCGTTTC TGGGTGAGCA 
GGAATAAGGG CGACACGGAA 
ATATTATTGA AGCATTTATC 
TTGAATGTAT TTAGAAAAAT 



TGAACTCGAG 


1200 


CACTACTTCT 


1250 


AATAAAAAAA 


1300 


GAGTTAGGGG 


1350 


TAATTGAGAC 


1400 


GCGTATTGGG 


1450 


TCGTTCGGCT 


1500 


TTATCCACAG 


1550 


CCAGCAAAAG 


1600 


ATAGGCTCCG 


1650 


AGGTGGCGAA 


1700 


AAGCTCCCTC 


1750 


TGTCCGCCTT 


1800 


TGTAGGTATC 


1850 


GCACGAACCC 


1900 


GTCTTGAGTC 


1950 


ACTGGTAACA 


2000 


CTTGAAGTGG 


2050 


TCTGCGCTCT 


2100 


TGATCCGGCA 


2150 


GCAGCAGATT 


2200 


TTTCTACGGG 


2250 


TTGGTCATGA 


2300 


AAAATGAAGT 


2350 


ACAGTTACCA 


2400 


TTTCGTTCAT 


2450 


ACGGGAGGGC 


2500 


CACGCTCACC 


2550 


GCCGAQCGCA 


2600 


TAATTGTTGC 


2650 


GCAACGTTGT 


2700 


GGTATGGCTT 


2750 


ATCCCCCATG 


2600 


TTGTCAGAAG 


2850 


CTGCATAATT 


2900 


TGGTGAQTAC 


2950 


GTTGCTCTTG 


3000 


ACTTTAAAAG 


3050 


AAGGATCTTA 


3100 


CCAACTGATC 


3150 


TIAAACAGGAA 


3200 


ATGTTGAATA 


3250 


AGGGTTATTQ 


3300 


AAACAAATAG 


3350 
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GGGTTCCGCG CACATTTCCC 
ATTATTATCA TGACATTAAC 
TCGTCTTCAA GCTGCCTCGC 
ACACATGCAG CTCCCGGAGA 
5 GGAQCAQACA AGCCCGTCAG 
GGCGCAGCCA TGACCCAGTC 
QCGGCATCAG AGCAGATTGT 
TTATGCGACT CCTGCATTAG 
GAGCACCGCC GCCGCAAGGA 

10 CACTATAGGG AGACCCGAAT 
AAATGGCCCG CCTGGCTGAC 
TAATGACGTA TGTTCCCATA 
CAATGGGTGG AGTATTTACG 
GTATCATATG CCAAGTACGC 

15 CCGCCTGGCA TTATGCCCAG 
CAGTACATCT ACGTATTAGT 
GCAGTACATC AATGGGCGTG 
GTCTCCACCC CATTGACGTC 
CGGGACTTTC CAAAATGTCG 

20 CGGTAGGCGT GTACGGTGGG 
ACCGTCAGAT CGCCTGGAGA 
AGACACCGGG ACCGATCCAG 
CCGCACCTCT TCQGCCAGCG 
ATCCCCCAAA GAATCCTTAG 

25 GTTTGCTTGG CCAAGGGAGG 
AGGGGAGGAG CTACAGTCAA 
TGCTTCTCAG GCAGATTCCA 
AAGGCTCCAC AAGCAATGTG 
CAGCAGCAGC AGCAGCAGCA 

3 0 AGCCGTTTCA CTGTCCATGG 
TGATGGGGAA TGACTTGGGC 
TCTGGGGAAA CAGACTTTCG 
TAGGTCGACC AGCGTTCCAG 
GGTGTGCTAC CCCGACAGAG 

35 TCTTCAGAAC AGCAAAATCG 
TGTGAAATTG TATCCCACAG 
TGGAGTTTTC CGCTGGGTCC 
AGATCAGATC TGTTGATAGA 
AGATGATCCA TTCCTTCTCG 

40 TTATTTTACC GGACACTAAA 
TTATCAAGTC CCAGCAQTGT 
TGATTTCATT GAACTTTGCA 
GCCCAGTTTA TTGTCAGGCA 
AAAATGTCTG CCATTTCTGT 
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CGAAAAGTGC CACCTGACGT 
CTATAAAAAT AGGCGTATCA 
GCGTTTCGGT GATGACGGTG 
CGGTCACAGC TTGTCTGTAA 
GGCGCGTCAG CGGGTGTTGG 
ACGTAGCGAT AGCGGAGTTG 
ACTGAGAGTG CACCATATCG 
GAAGCAGCCC AGTAGTAGGT 
ATGGTGCTGG CTTATCGAAA 
TCGAGCTCGC CCCGTTACAT 
CGCCCAACGA CCCCCX3CCCA 
GTAACGCCAA TAGGGACTTT 
GTAAACTGCC CACTT6GCAG 
CCCCTATTGA CGTCAATGAC 
TACATGACCT TATGGOACTT 
CATCGCTATT ACCATGGTGA 
GATAGCGGTT TGACTCACGG 
AATGGGAGTT TGTTTTGGCA 
TAACAACTCC GCCCCATTGA 
AGGTCTATAT AAGCAGAGCT 
CGCCATCCAC GCTGTTTTGA 
CCTCCGCGGG ATCTTGGTGG 
CCTTGTAGAA GCGCGTATGG 
CTCCCCCTGG TAGAGACGAA 
GGGAGCGTAA TGGACTTTTA 
GGTTTCTGCA TCTTCGCCCT 
AGCAGCAGAG GATTCTCCTT 
CAGCAGCGAC AGCAGCAGCA 
GCAGCAGCAG CAGCAGCCAG 
GGCTGTATAT GGGAGAGACA 
TACCCACAGC AGGGCCAACT 
GCTTCTGGAA GAAAGCATTG 
AGAACCCCAA GAGTTCAACG 
AAGGAGTTTC CCAAAACTCA 
AAAAAGCCAG ACCGGCACCA 
ACCAAAGCAC CTTTGACCTC 
CCAAGTAAAG ACACAAACGA 
TGAAAACTTG CTTTCTCCTT 
AAGGGAACAC GAATGAGGAT 
CCTAAAATTA AGGATACTGG 
GGCACTACCC CAAGTGAAAA 
CCCCCGGGGT AATTAAGCAA 
AGCTTTTCTG GGACAAATAT 
TCATGGTGTG AGTACCTCTG 



CTAAGAAACC 


3400 


CGA6GCCCTT 


3450 


AAAACCTCTG 


3500 


GCGGATGCCG 


3550 


CGGGTGTCGG 


3600 


GCTTAACTAT 


3650 


ACGCTCTCCC 


3700 


TGAGGCCGTT 


3750 


TTAATCGACT 


3800 


AACTTACGGT 


3850 


TTGACGTCAA 


3900 


CCATTGACGT 


3950 


TACATCAAGT 


4000 


GGTAAATGGC 


4050 


TCCTACTTGG 


4100 


TGCGGTTTTQ 


4150 


GGATTTCCAA 


4200 


CCAAAATCAA 


4250 


CGCAAATGGG 


4300 


CGTTTAGTGA 


4350 


CCTCCATAGA 


4400 


CGTGAAACTC 


4450 


CTTCGTGGGG 


4500 


GTCCCTGGCA 


4550 


TAAAAGCCTG 


4600 


CAGTGGCTGC 


4650 


GATTTCTCGA 


4700 


GCAGCAGCAG 


4750 


GCTTATCCAA 


4800 


GAAACAAAAG 


4850 


TGGCCTTTCC 


4900 


CAAACCTCAA 


4950 


TCTGCAACTG 


5000 


CTCGGATGCA 


5050 


ACGGAGGCAG 


5100 


TTGAAGGATT 


5150 


GAGTCCCTGG 


5200 


TGGCGGGAGA 


5250 


TGTAAGCCTC 


5300 


AGATACAATC 


5350 


CAGAAAAAGA 


5400 


GAGAAACTGG 


5450 


AATTGGTAAT 


5500 


GAGGACAGAT 


5550 
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GTACCACTAT GACATGAATA CAGCATCCCT 
AGCCTGTTTT TAATGTCATT CCACCAATTC 
AATAGGTGCC AAGGCTCCGG AGAGGACAGC 
GAACTTCCCA GGCCGGTCAG TGTTTTCTAA 
5 TGAGACCAGA TGTAAGCTCT CCTCCATCCA 
CCACCTCCCA AGCTCTGCCT GGTGTGCTCC 
TTACGGGGTG CTGACATGTG GAAGCTGCAA 
TGGAAGGACA GCACAATTAC CTTTGTGCTG 
GATAAAATTC GAAGGAAAAA CTGCCCAGCA 
10 TCAGGCTGGA ATGAACCTTG AAGCTCGAAA 
GGATTCAGCA AGCCACTGCA GGAGTCTCAC 
AACAA?^CAA TAGTTCCTGC AGCATTACCA 
GTCACTGCTG GAGGTGATTG AACCCG 
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TTCTCAGCAG 


CAGGATCAGA 


5600 


CTGTTGGTTC 


TGAAAACTGG 


5650 


CTGACTTCCT 


TGGGGGCTCT 


5700 


TGGGTACTCA 


AGCCCTGGAA 


5750 


GCTCGTCAGC 


AGCCACGGGA 


5800 


GATGAA6CTT 


CAGGATGTCA 


5850 


AGTATTCTTT 


AAAAGAGCAG 


5900 


GAAGAAACGA 


TTGCATCATT 


5950 


TGCCGCTATC 


GGAAATGTCT 


6000 


AACAAAGAAA 


AAAATCAAAG 


6050 


AAGACACTTC 


GGAAAATCCT 


6100 


CAGCTCACCC 


CTACCTTGGT 


6150 






6176 
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Claims 

1 . A modified glucocorticoid receptor protein 
capaJ^le of binding a non-natural ligand, comprising a 
fusion protein, wherein said fusion protein comprises: 

5 a glucocorticoid receptor region, wherein said 

region comprises a DNA binding domain and transregulatory 
domains, wherein said transregulatory domains are capable 
of transact ivating or transrepressing gene expression; and 
a mutated progesterone receptor ligand binding 
10 region, wherein said mutated progesterone receptor ligand 
binding region is capable of binding a non-natural ligand. 

2. The modified glucocorticoid receptor of claim 1, 
wherein said mutated progesterone receptor ligand binding 
region is mutated by deletion of about 42 to 54 carboxyl 

15 terminal amino acids of a progesterone receptor ligand 
binding domain. 

3 . The modified glucocorticoid receptor protein of 
claim 1, wherein said mutated progesterone receptor ligeuid 
binding region comprises amino acids 640 through 891 of a 

20 progesterone receptor ligand binding domain. 

4. The modified glucocorticoid receptor protein of 
claim 1, wherein said mutated progesterone receptor ligand 
binding region comprises amino acids 640 through 917 of a 
progesterone receptor ligand binding domain. 

25 5, The modified glucocorticoid receptor protein of 

claim 1, wherein said mutated progesterone receptor ligand 
binding region comprises amino acids 64 0 through 920 of a 
progesterone receptor ligand binding domain. 

6 . A modified glucocorticoid receptor protein 
30 comprising a ligand binding domain without ligand binding 
activity, a DNA binding domain and transregulatory 
domains, wherein said transregulatory domains are capable 
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of constitutively transactivating or transrepressing gene 
expression without said ligand binding activity. 

7. A modified glucocorticoid receptor protein 
capable of binding a non-natural ligand, comprising: 

5 a glucocorticoid receptor region, wherein said 

region comprises a DNA binding domain and a mutated 
transregulatory domain, wherein said transregulatory 
domain is capable of transactivating but not 
transrepressing gene expression; and 
10 a mutated ligand binding domain. 

8. A modified glucocorticoid receptor protein 
capable of binding a non-natural ligand, comprising: 

a glucocorticoid receptor region, wherein said 
region comprises a mutated DNA binding domain and 
15 transregulatory domains, wherein said transregulatory 
domains are capable of transrepressing but not 
transactivating gene expression; and 

a mutated ligand binding domain. 

9. A modified glucocorticoid receptor protein 
20 capable of binding a non-natural ligand, wherein said 

protein comprises a DNA binding domain, transregulatory 
domains and a mutated ligand binding domain, wherein said 
mutated ligand binding domain is mutated by deletion of 
about 2-5 carboxyl terminal amino acids from the ligand 
25 binding domain and capable of binding a non-natural 
ligand. 

10 . The mutated glucocorticoid receptor protein of 
claim 9, wherein said protein is mutated by deleting amino 
acids 762 ajid 763 of the ligand binding domain and 

30 changing amino acid at position 752 to alanine and amino 
acid at position 753 to alanine. 
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11. A nucleic acid sequence encoding a modified 
glucocorticoid receptor protein of claims 1, 6, 7, 8 or 9 . 

12 . A vector containing a nucleic acid sequence 
encoding for a modified glucocorticoid receptor protein of 

5 claims 1, 6, 1, 8 or 9, wherein said vector is capable of 
expressing said modified glucocorticoid receptor protein. 

13. A cell transfected with a vector of claim 12. 

14. A cell transformed with a vector of claim 12. 

15 . A method of using a modified glucocorticoid 
10 receptor protein comprising the steps of transforming a 

cell with a vector of claim 12, wherein said transformed 
cells express said modified glucocorticoid receptor 
protein and said modified glucocorticoid receptor protein 
is capable of regulating the expression of glucocorticoid 
15 responsive genes by a non-natural ligand. 

16. The method of claim 15, wherein said non-natural 
ligand is RU486. 

17. The method of claim 15, wherein said regulation 
is transactivation of glucocorticoid responsive genes. 

20 18. The method of claim 15, wherein said regulation 

is transrepression of NFr-B and AP-1 regulated genes. 

19. The method of claim 15, wherein said transformed 
cell is selected from the group consisting of a muscle 
cell, lung cell or a synovial cell. 

25 20. A method of treating arthritis comprising the 

steps of transforming cells associated with the joints in 
situ with a vector of claim 12 encoding a mutated 
glucocorticoid receptor protein, wherein said transformed 
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cells express said mutated glucocorticoid receptor protein 
and said mutated glucocorticoid receptor protein is 
capable of regulating the expression of glucocorticoid 
responsive genes by a non-natural ligand. 

5 21. The method of claim 20, wherein said non-natural 

ligand is RU486. 

22. The method of claim 20, wherein said regulation 
is transactivation of glucocorticoid responsive genes. 

23. The method of claim 20, wherein said regulation 
10 is transrepression of NFjc-B and AP-1 regulated genes. 

24 . A method of treating asthma comprising the steps 
of transforming lung cells in situ with a vector of claim 
12 encoding a modified glucocorticoid receptor protein, 
wherein said modified glucocorticoid receptor protein 

15 expressed in said transformed cell is capable of 
regulating expression of glucocorticoid responsive genes 
by a non-natural ligand. 

25. The method of claim 24, wherein said non-natural 
ligand is RU486. 

20 26. The method of claim 24, wherein said regulation 

is transactivation of glucocorticoid responsive genes. 

27. The method of claim 24, wherein said regulation 
is transrepression of NFr-B and AP-1 regulated genes. 

28. A method of making a transformed cell in situ 
25 comprising the step of contacting said cell with a vector 

of claim 12 for sufficient time to transform said cell, 
wherein said transformed cell expresses a modified 
glucocorticoid receptor protein encoded by said vector. 
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29. A transgenic animal whose cells contain a vector 
of claim 12 . 

30. A plasmid designated as pGR0403R. 

31. A cell transformed with a plasmid of claim 30. 
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FIG. 3. 
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